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PREFACE 


This book constitutes the thirteenth volume of the 
series containing the proceedings of the General Meet- 
ings of the American Iron and Steel Institute. The first 
volume, containing the proceedings of the First General 
Meeting held in New York on Friday, October 14, 1910, 
and continued in Buffalo, Chicago, Pittsburgh and Wash- 
ington, was published under the title ‘‘Proceedings of 
the American Iron and Steel Institute.’’ In 1911, no 
General Meetings were held. In 1912 and subsequently 
two General Meetings have been held each year with the 
single exception of the year 1918, the October Meeting of 
that year being omitted because of war activities. In 
1912 the proceedings were first published under the title 
‘‘Year Book of the American Iron and Steel Institute,’’ 
and this title has been continued in subsequent volumes. 

The present volume contains the proceedings of the 
Twenty-third General Meeting held at the Hotel Commo- 
dore, New York, May 25, 1923, and the proceedings of 
the Twenty-fourth General Meeting, held at the Hotel 

Commodore, New York, October 25, 1923. 


Howarp H. Coox, 
Assistant Secretary. 
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AMERICAN IRON AND STEEL 
INSTITUTE 


TWENTY-THIRD GENERAL MEETING 
New York, May 25, 1923 


The Twenty-third General Meeting of the American 
«Iron and Steel Institute was held at the Hotel Commo- 
dore, New York City, on Friday, May 25, 1923. 

_ Following the usual custom, three sessions were held. 
In order to provide sufficient accommodations for the 
large number present, the morning session was held in 
the Grand Ballroom. The afternoon session was held in 
the East Ballroom. The evening session, which included 
the semi-annual dinner, was held in the Grand Ballroom. 
The day sessions were devoted to the reading and dis- 
eussion of papers dealing chiefly with problems ot 
metallurgy and business. 

On the following page will be found the program of 
the meeting. Judge Gary, President of the Institute, pre- 
sided at the opening of the morning session. At the re- 
quest of the President, Mr. Charles M. Schwab, Vice- 
President of the Institute, took the chair toward the end 
of Judge Gary’s address and presided during the re- 
mainder of the morning session. Mr. Schwab also opened 
the afternoon session and during the reading of Mr. 
Dyrssen’s paper called Mr. John A. Topping, Vice- 
President of the Institute, to the chair, who presided 
during the rest of the afternoon. Judge Gary acted as 
toastmaster at the banquet in the evening. 
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ADDRESS OF THE PRESIDENT 


Esert H. Gary 


Chairman, United States Steel Corporation, New York 


As always, such an audience as this, particularly this 
audience, is an inspiration to any one. 

For the kind reception which you always give your 
president, for your patience with him all these years, you 
may be assured there is very grateful appreciation. 

Gentlemen, you are aware that some time ago, on your 
vote, the president of the Institute appointed a committee 
of nine gentlemen to consider the twelve-hour day ques- 
tion, which resulted from a meeting theretofore held in 
Washington around the President’s dinner table. That 
committee has made very thorough and careful investi- 
gation of the subject. A sub-committee of members of 
the Institute was appointed to give special attention to 
the subject matter and secure data. In addition to that, 
various experts were employed to make a thorough local 
and personal examination in regard to all the facts which 
were applicable. Besides, the general committee has met 
several times to consider the whole subject matter and - 
has discussed it very thoroughly; but not until recently, 
a month ago, did the committee or any members of the 
committee express their opinions in regard to what find- 
ings should be made, what report should be handed in to 
the membership of the Institute. Very recently a report 
has been formulated, and it has been signed by all the 
members of the committee, who I suppose are now 
present. 

The report I have in my hand, and I will read it. 
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Report of tHE CommirrEe oN Proposep Toran HiLiMina- 
TION OF THE T'weEtvE-Hour Day 

Although the committee appointed by the president 
of the American Iron and Steel Institute, to consider the 
twelve-hour day work in the steel industry and report 
conclusions and recommendations, has made a very care- 
ful and painstaking study of the facts and figures de- 
veloped, it is not yet ready to make what it would desig- 
nate a final report. 

Apparently the underlying reason for the agitation 
which resulted in the appointment of this committee was 
based on a sentiment (not created or endorsed by the 
workmen themselves) that the twelve-hour day was an 
unreasonable hardship upon the employes who were con- 
nected with it; that it was physically injurious to a large 
percentage of the employes; and that it interfered with 
family associations essential to the welfare of the chil- 
dren; that for these reasons it was, in a sense, opposed 
to the public interest. 

Whatever will be said against the twelve-hour day in 
the steel industry, investigation has convinced this com- 
mittee that the same has not of itself been an injury to 
the employes, physically, mentally or morally. Whether 
or not, in the large majority of cases, twelve-hour men 
devote less time to their families than the employes work- 
ing less hours is perhaps questionable. 

A part of the manufacturing of iron and steel is 
necessarily continuous. Therefore, practically, there 
must be two shifts of twelve hours or three shifts of 
eight hours. The workmen, as a rule, prefer the longer 
hours because it permits larger compensation per day. 

It is asserted with confidence that there is less physi- 
cal work, as a total per day, and less fatigue from the 
work of the twelve-hour day in the steel industry, than 
pertains to the large majority of the eight-hour men. 
This is because in the former case there are more rest 
periods during the twelve hours on duty. 

In the opinion of the members of the committee there 
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is no concern of importance connected with the iron and 
steel industry in the United States that would urge or 
willingly permit employes to exert themselves to a point 
where they would be injured physically, mentally or 
morally. Desire and effort to improve the conditions 
and promote the welfare of employes in the iron and steel 
industry of this country has been a cardinal principle 
with the employers for many years last past. We think 
this will not be contradicted by fair-minded, unpreju- 
diced, well-informed persons. 

But in the consideration of this subject there are 
many questions of high importance, not involving moral 
or social features. They are economic; they affect the 
pecuniary interests of the great public, which includes, 
but is not confined to, employers and employes. At the 
present time the United States and all other nations are 
especially interested in large production, whether it is on 
the farms, in the mines, or in the manufactories. The 
largest reasonable production is necessary to bring about 
a restoration to stability, progress and prosperity; and 
large production at low cost, for sale at fair prices, the 
entire world is more dependent upon at the present time 
than ever before. 

Our investigation shows that if the twelve-hour day 
in the iron and steel industry should be abandoned at 
present, it*would increase the cost of production on the 
average about 15%; and there would be needed at least 
60,000 additional employes. If labor were sufficiently 
plentiful to permit the change it would be necessary to 
add to the selling prices certainly as much as the increase 
in cost. 

But it would be possible, under the existing condi- 
tions, to obtain a sufficient number of men to operate the 
plants on a three-shift basis up to a capacity which would 
supply the present necessities of the purchasing public. 
There are not now, under a two-shift practice at the 


‘furnaces, enough men to meet the demand for iron and 


steel. 
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To a material extent, the question of amount paid to 
employes, which is a very large proportion of the cost 
of producing, and which must necessarily determine the 
selling prices, is one between the employes and the pur- 
chasing public. Investors stand between these two, and 
it is their responsibility and their effort to decide fairly 
by both interests. 

The responsibility for the numbers of employes is 
partly with the American Congress because affected by 
immigration. There should not be permitted too much 
immigration, and certainly there should be none of dan- 
gerous or injurious quality; but there ought to be enough 
to keep our production of foodstuffs, of metals and of 
manufactures up to the necessities of the consuming pub- 
lic; and sufficient to meet the demands of the national 
welfare, which embraces the export trade. 

Therefore, under the present conditions, in view of the 
best interests of both employes and employers, and of: 
the general public, the members of the committee cannot 
at this time report in favor of the total abolition of the 
twelve-hour day. 

There was a consistent, persistent and successful ef- 
fort during the time labor was more plentiful to reduce 
the numbers of men employed twelve hours per day. 
Although the percentages fluctuated, depending upon 
circumstances, the percentage was gradually reduced, as 
stated publicly. If labor should become sufficient to per- 
mit it, the members of this committee would favor en- 
tirely abolishing the twelve-hour day, provided the pur- 
chasing public would be satisfied with selling prices that 
Justified it, and provided further that the employes would 
consent and that industry generally, including the 
farmers, would approve. 

(Signed) HK. H. Gary, Chairman, 


L. E. Brock J. A. FARRELL 
J. A. BurpEen EK. G. Grace 
J. A. CAMPBELL W. L. Kine 


A. C. Dinxry J. A. Topprne 
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Mr. Wituis FE’. McCook: I move that the report of 
the committee be accepted and approved as read. 

Mr. Severn P. Kur: I wish to second that motion, 
Mr. Chairman. 

Mr. Cartes M. Scuwas: I second the motion also, 
Judge Gary. 

JupcE Gary: Gentlemen, you have heard the report; 
you have heard the motion; it is before you. Are there 


_any remarks? Those in favor please manifest by saying 


aye; contrary, no. It is unanimous. 


As some of you know, your President has recently 
made a Mediterranean trip. The voyage was made 
on the well-known Mauretania, under the command of 
the famous Captain Rostron, a very able and most agree- 
able navigator. It was he who, with the good ship Car- 
pathia, received the message of distress from the Titanic 
eleven years ago, rushed to the scene of disaster and 
picked up a large number of passengers, mostly women 
and children, who otherwise would have perished. He 
was highly decorated for his achievement by his King, 
but better than that secured the permanent and grateful 
esteem of multitudes of people. 

The ship left New York February seventh and re- 
turned April thirteenth. We went to the Madeira Is- 
lands, to Cadiz, Spain, thence by automobile to Seville 
and to Gibraltar, where we joined the ship; then to Al- 
giers, Nice, Naples, Constantinople, Athens and Haifa, 
Palestine. From there we went by railroad to Jerusalem 
and then across the desert, but in sight of sea most of 
the time, to Cairo, crossing the Suez Canal at E] Kan- 
tara el Khazneh. 

Later we traveled by railroad to Alexandria, where 
the ship had gone from Haifa and had been waiting for 
about twelve days. From there we sailed back to Naples, 
went to and returned from Rome by railroad, then sailed 
to Ajaccio, Corsica; Lisbon, Portugal, and to Southamp- 
ton for a visit of five days in London, and then home. 
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The weather was good on the average and the sea 
smooth, though frequently electric heat in the cabin 
was agreeable and sometimes the waves were sufficiently 
high and active to be noticeable to those who were not 
much accustomed to ocean travel. The ship’s guests in- 
cluded a very agreeable company who became well ac- 
quainted, and apparently were always pleased, when re- 
turning from land visits to the Mauretania, to see the sign 
‘Welcome Home.’’ 

This delightful trip resulted from a conversation at 
dinner with Mr. Adolph S. Ochs, President of the New 
York Times, who had made a similar voyage a year be- 
fore and whose recommendations, though emphatic, were 
not exaggerated. Some of you have likewise enjoyed a 
visit to the Near East and it is to be hoped many others 
will have this pleasure. 

Just how much or how little to attempt to say on this 
occasion about the different countries visited and the 
characteristics of the inhabitants, their customs and 
dress, and particularly the seeming trend of thought 
concerning current events is, at least, a problem. 

Obviously one could not in a short time obtain suffi- 
cient information to form a reliable opinion concerning 
the great economic questions now attracting general at- 
tention, as particularly applied to the respective localities 
mentioned; though it is evident the peoples of every one 
of these nations, great and small, are more or less look- 
ing to all others with inquiring and anxious minds. 

But every traveler, who is diligent and alert, is bound 
to form some impressions even concerning questions of 
great magnitude. 

Every person of reasoning qualifications residing in 
the respective countries visited, from the highest to the 
lowest, is thoroughly tired of war. Its horrors, costs 
and destructive results have been so practically demon- 
strated during the last decade that the simplest mind ab- 
hors military conflict. The reasons, motives and emo- 
tions are not the same in all minds, but the conclusions 
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are altogether or nearly unanimous. Every country 
would like to have peace, continuous and permanent. All 
would like to close the eyes in sleep without a feeling of 
dread and fear for the future and of a rude and danger- 
ous awakening. It is regrettable that the differences of 
opinion as to who is right or wrong become so fixed and 
stubborn in the minds of leaders, many of whom do not 
expect to become personal sufferers, as to excite and in- 
crease feelings of bitterness and hate or of greed and 
ambition until reason is overcome and man is degraded 
to the level of brutality. Even the one who fights in self- 
defense, which is generally accepted as justifiable, fre- 
quently exceeds the limits of propriety. 

The masses of the people believe that they have been 
exploited by a few in power, and that they and their 
helpless children unnecessarily have been made to hun- 
ger and starve and suffer and die. In private conversa- 
tions this is said by modest and unaggressive persons 
in large numbers. They hope for relief. The Christian, 
the Mohammedan, the Jew, the Bedouin, publicly or pri- 
vately, is praying for relief. They believe as never be- 
fore that the time is coming when ‘‘wars and rumors of 
wars’’ shall cease. - Whenever, if at all, this will be uni- 
versal we, with our limit of understanding, cannot vision. 

There is only one way of fairly and finally settling any 
controversy or question, and that is, in consonance with 
the principles of the Christian religion. Whenever a na- 
tion or an individual reaches the point where, as the re- 
sult of war or of shipwreck, or otherwise, immediate 
destruction is inevitable, assent to the idea expressed is 
natural and well-nigh universal. There are multitudes 
of people who believe that the fundamental and control- 
ling doctrine of the nation’s laws should be in accordance 
with the principles of the Holy Bible and that every law- 
maker and administrator should be compelled to endorse 
and practice its undeniable precepts. 

One who reads of or personally witnesses evidences 
of the rise and fall of great nations and communities and 
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cities, whose ruins are so great that they attract the at- 
tention and admiration of the entire world, is led to be- 
lieve that an overruling God determined their destinies. 
Corinth, for a long time a dominating city, known as the 
luxurious and wicked city, today has only a small com- 
munity with a few remaining magnificent ruins partly 
uncovered; and similar cases are numerous. Such na- 
tions as the United States, even, or Great Britain, France, 
Italy, Japan, China, Germany, Austria, Russia, will do 
well to constantly bear in mind the history of the past 
and the possibilities of the future. ‘‘Let him that think- 
eth he standeth take heed lest he fall.”’ 

We should, if possible, avoid ill-natured controver- 
sies, international, national, state, municipal, public, pri- 
vate, political, sectarian, economic or otherwise. They 
are numerous at present; indeed they seem to be fashion- 
able. Where or in whom is the blame? ‘‘He that is with- 
out sin, let him first cast a stone.’’ Let us diligently 
search our own hearts. 

Another thing particularly noticeable at present in 
all southern countries is the disposition of the working 
classes concerning industry, frugality, economy and sav- 
ing. They remind one of the ant whose hill has been 
destroyed, or the bee whose hive has been emptied or the 
bird whose nest has been tattered. If you say humanity 
is not to be compared with animal life the answer is that 
the homes and habitations and legitimate activities of 
humans have been attacked and destroyed and inter- 
rupted; and that the sensible individual who has suffered 
will do what he reasonably can to decently cooperate 
in securing restoration and rehabilitation. In going by 
motor from Athens to Corinth, seventy-five miles, leav- 
ing the former at daybreak, the farmers were seen from 
the start going to their work, carrying implements of 
agriculture and dinner pails. The same could be seen in 
Italy, from the railroad train, as soon as daylight ap- 
‘peared, and in Egypt. The people are all at work, and in 
many countries their food consists of bread, or its equiva- 
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lent, and vegetables. They cannot afford more. They 
seem to be in good spirits and good health. Fortunate it 
is that people in many countries are better provided, 
though in the United States it might be better for the 
health of both the employers and the employes generally 
if they ate less food of certain kinds. <A plentiful supply 
of ‘‘milk and wild honey’’ seemed to ‘be luxurious in 
Palestine in olden times, but it would not be satisfactory 
here and now. Most of us in this room had little of 
luxury of any kind in our younger days, and are all the 
better and stronger for it. But we are considering the 


‘question of economy and not the subject of diet. 


Certain it is that the great majority of the people in 
Italy, Turkey, Greece, Palestine and Egypt, are acting as: 
though they intend to do everything practicable to bring 
about a return to reasonable prosperity and comfort, 
and this disposition will result in great benefit to them 
and their countries, and to the world. In view of our 
fortunate conditions, are we doing our part? 

If you should decide to visit Palestine, which it is 
hoped you will, before and after doing so thoroughly 
read again your Bible, this classic of classics, all in all 
the most interesting and fascinating of books. There 
are contained many things which, taken literally, we may 
not understand. It is not necessary and it would perhaps 
be a waste of time to try. Our minds are too small, our 
understanding too limited. Possibly in some imma- 
terial respects the published interpretations are literally 
incomplete, misleading or inapplicable to our time. But. 
in the main the language, as used, is accurate and well 
authenticated by science and by actual observations. The 
moral and religious principles of the Bible, both the Old 
and New Testaments, have never been and can never be. 
successfully combated. Since the preservation of his-, 
tory commenced there has never been anything approach- 
ing the Holy Bible as a literary production or a code. 
for proper and desirable human conduct, or as the foun-: 
dation for future hopes. If any here should believe this 
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is an exaggeration, which is not probable, read again this 
book and you will be surprised. Visit Palestine, in the 
light of and under the inspiration of the Bible. Things 
that could not easily be destroyed are there. The land- 
marks of Palestine are as described in the Bible. The 
River Jordan, the Dead Sea, the Sea of Galilee, Mount of 
Olives, the Valley of Jehoshaphat and many other places 
familiar to Bible readers; all these are indisputable evi- 
dence of the accuracy of that book in historical recita- 
tion. Many of the tombs, which in many cases referred 
to were deep down in the rocks, cannot be discovered or 
located, but others can be. Abraham, perhaps thou- 
sands of years B. C., was, according to the Bible, directed 
to and did secure a burial lot in the caves of Machpelah 
at Hebron and he and Isaac and Jacob and their wives 
were buried there. Consult Genesis again. Hebron is 
still a substantial place, easily located by the written 
description. The place of these tombs can be seen, though 
with some difficulty. Many of the mentioned wells or 
springs are still in use. The general topography of the 
country, as described in the Bible, you can verify. Also 
read Josephus, a historian of the first century. In short, 
the more we read and study the more we must be con- 
vinced of the absolute reliability of the ‘‘Book of Books.’’ 
Much more than all this, the better men we will be, the 
more grateful we will be and the more anxious to have 
our country and the affairs of all its inhabitants carried 
on in conformance to its precepts. 

The late wars seem to have influenced the rank and 
file of the men of the Near Kast to pay more attention 
to the long future. This appears from conversations with 
the dragomen or the merchants, the financiers or the 
working people of Egypt and other countries. It may 
be true that some, perhaps many, of the clergy or priests 
or teachers have taught or are teaching doctrines at 
variance with some parts of the Bible, particularly the 
New Testament. Others, of course, are better qualified 
to speak on this question; but that the influence of the 
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principles of the Bible is now particularly extending all 
over the world and that it is essential to firmly re-estab- 
lish peace, prosperity and happiness, cannot be reason- 
ably denied. 

The religious sentiment of the Near East, which seems 
apparent to a casual visitor, is striking and a hopeful sign 
for posterity. Indeed, it is in evidence throughout all 
continents. A token is found in the recent manly state- 
ment of President Harding concerning the Holy Bible. 
His utterances should furnish a theme for many sermons. 


TURKEY 


Another subject will impress a traveler to the Near 
Kast, where Turks are numerous. A majority of the peo- 
ple of some lands, and perhaps many, have entertained 
a strong prejudice against the Turks and the Turkish 
nation. In this connection your attention is called to an 
editorial in the Sunday Pictorial of London by Lord 
Rothermere, founder of this periodical and many others. 
It was published April 22nd ultimo and is entitled: ‘‘Stop 
squabbling in the Near East and keep our markets open.’’ 
Although the article does not attempt to fully describe 
the character of the Turk, it is apparent that he is re- 
spected by the writer. The arguments of Lord Rother- 
mere are well worth careful reading and consideration. 

In recent conversations with many impartial disin- 
terested persons both in official and private life the Turk 
was favorably compared with many other nations. It is 
believed you will be astonished with a careful study of 
the Turk in private life during times of peace. 

Turkey is a great country. Its citizens are very in- 
telligent and well meaning. They must be, ought to be, 
reckoned with. Treated right they will be a power for 
good in maintaining a proper world equilibrium. The 
time has gone by for thinking their country should be 
destroyed or their properties exploited for the selfish 
benefit of other nations or individuals. That there should 
be reforms there, as in many other countries, should go 
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without saying, but that is beside the question now under 
discussion. 

You would be interested in Constantinople, with its 
wonderful mosques, its customs, the varieties of na- 
tionals and dress, the religious forms and practice, the 
bay, the Golden Horn, the Dardanelles, the Bosphorus, 
the natural topography, the cemeteries, the shops, mu- 
seums, art objects and antiquities. 


GREECE 


Greece you probably know from reading better than 
most other foreign countries. It is beautifully located, 
with natural coloring that is magnificent. Its mountains, 
seas and surrounding islands are picturesque and most 
attractive. Its greatest treasures have been destroyed, 
except for the splendor of its ruins, which are in a good 
state of preservation. The Acropolis at Athens, which 
means the high place of the city, was at one time coy- 
ered with beautiful structures, perhaps equal to or 
greater than those in the Forum of Rome. All were 
practically destroyed by alien enemies. As you are 
aware, for a comparatively short period, perhaps a cen- 
tury or more, four or five hundred years before Christ, 
not to be exact, Greece was the seat of literature, of 
learning, of art, the home of some of the greatest men 
ever mentioned in history. Time will not be taken to 
quote from published accounts. Many of you are students 
of history, though few of us ever had the opportunity to 
become familiar with the Greek language. Now Greece is 
poor by comparison, though the new Athens is a large 
and handsome city and there are many fine and costly 
buildings. What has wrought the great changes during 
the last twenty-five hundred years?) War has had much 
—everything to do with it. Why did an all-powerful 
and merciful Providence permit such awful destruction 
and decadence? Read history and ascertain; read Paul’s 
Hpistles. Perhaps you will also discover some reasons 
why the Roman Empire fell; why Babylon fell; why 
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Jerusalem was many times destroyed; why many great 
cities and nations fell from power and prosperity; but 
more particularly, why other great nations may hereafter 
perish. 

Is a sermon being preached? No, it is simple, plain, 
business sense. Gentlemen, it is in accordance with our 
instincts and judgment, as frequently proclaimed, to say 
that it pays a nation or an individual to follow a Chris- 
tian course. 

Greece would seem to be on the road to recovered 
progress and prosperity. It may be and probably will 


* be slow, but the Sun of Hope is shining in that country 


of brilliant sunshine. There is a man in Athens perhaps 
some present have never read of. He is General Plas- 
tiras. He is said to be a dominant factor, in the affairs 
of Greece at the present time. He is a young man, per- 
haps between thirty-five and forty, handsome, tall, 
straight, broad shouldered but otherwise slender in form, 
with black eyes that shine like coals of fire. He has a de- 
termined but friendly countenance. It is said by others 
in Athens, unbiased, disinterested persons, that at the 
time when, near Smyrna, the Greek army was defeated 
and in retreat, having lost forty thousand.troops, killed 
or incapacitated, and sixty thousand besides taken as 
prisoners, General Plastiras with his soldiers went to 
the relief of the Greek army, placed his troops in the 
rear of the defeated army, himself at the front, fought 
the:Turks and saved the Greeks. Whether or not this 
is in any respect overdrawn it did not come from General 
Plastiras. He was acclaimed in Athens as a hero. He 
was in the lead of the revolution that resulted in the 
flight of King Constantine and the substitution of his 
oldest son as King. After this you will remember mem- 
bers of the old cabinet and a General were court-mar- 
tialed, convicted and executed. Who was responsible 
for this is not stated. For a time large numbers were 
aghast. However, in Athens everything is now quiet and 
peaceful. It is claimed by some at least that the cabinet, 
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or some of the members, by or without the connivance 
of the General last referred to, failed to furnish to the 
impoverished and helpless Greek army sufficient bread or 
other food, to say nothing of arms and ammunition, 
although the means had been provided. Others claim 
help had been expected from Great Britain. 

It is said no legislation or other governmental action 
can be taken without the approval of General Plastiras. 
He openly insists that the people generally are now in- 
dustrious, that they are frugal, well-behaved and loyal; 
that the Government is honestly administered and that 
Greece is on the road to recovery. 

The present King is an intelligent, thoughtful, edu- 
cated soldier, and will be progressive and statesman- 
like. He is exceedingly anxious to see his country pros- 
per. Itis apparent from the speech of large numbers that 
the longer he reigns the more beloved and influential he 
will be. He speaks of the United States with great re- 
spect and with feelings of gratitude for its generous sym- 
pathy and relief contributions during times of stress and 
suffering. He did not ask nor desire to be King, but he 
will exert every effort in behalf of his people. 

Let us hope this is all justified and that Greece again, 
and also Turkey, may be stabilized as honest, well-in- 
tentioned, progressive and prosperous nations. 


HKayper 


Egypt is a remarkable country and entitled to a better 
place amongst nations than she has occupied for hun- 
dreds of years last past. In climate, grandeur of scenic 
localities, richness of soil where there is irrigation, an- 
tiquities, variety of people, she is unique and in many 
particulars superb. It may be observed, however, that 
the River Nile is the life of Egypt. Without this river 
it would soon fall into decay. She has, of course, a strong 
and needed friend in Great Britain, whose pecuniary in- 
terests on account of the Suez Canal, and the producing 
capacity of countries tributary, compel her to exercise 
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an oversight which is helpful to Great Britain in many 
ways, and likewise to Egypt. 

Egypt has recently become a kingdom. The former 
Sultan is now King. He is a vigorous man, finely edu- 
eated, public-minded, popular, well-intentioned and seems 
to be giving a good administration. He is a close student 
of the opportunities and necessities of his country and 
very desirous of cultivating a feeling of friendship with 
other nations, including the United States. He would like 
to have the business relations with us increased to the 
highest point of practicability and to this end will lend 
his influence. 

The principal industry in Egypt is cotton. The fibre 
grows long and strong. It is intrinsically more valuable 
than the cotton grown in other countries. The growers 
are not receiving as much for their crops as they ought. 
The bankers’ methods are said to be exacting and harsh. 
The farmers, as a rule, are obliged to borrow money on 
their crops and to promptly sell at a price usually too 
low. They are hoping for a remedy; and the enterprise 
of foreign capital will perhaps bring this about. 

No one knows how many undiscovered tombs are con- 
tained in Egypt. They were built far beneath the surface 
of sand or earth and with stone walls divided into many 
compartments. They were like homes, built and furn- 
ished for the occupant and his friends who would, in the 
spirit, be expected to come there as visitors. Similar 
homes, under the ground, established thousands, or per- 
haps millions of years ago, may some time be discovered 
in new places. Of a recent date a burial place like this 
was accidentally discovered in Alexandria. Here were 
established many individual tombs or homes deep down 
below the surface like those along the Nile, except the 
division walls and the sarecophagi were of solid rock, 
the whole village of tombs and other buildings and pas- 
sage ways being cut into the mountain or hill of stone. 
No doubt the undiscovered contents beneath the earth in 
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various geographical localities, if fully exposed, would 
startle the world. 


Tray 


Italy seems to be making substantial economic recov- 
ery. The recent military movement, which has been desig- 
nated as a bloodless revolution, startled the whole world. 
Mussolini, at the head of scores of thousands of soldiers, 
hastily recruited or assembled, marched into Rome and 
simply took possession of the Governmental Administra- 
tion. His platform is best expressed in his own language: 
‘‘T came to save, not to destroy Italy.’’ He boldly and 
frankly made known his intentions and purposes to the 
King, to the Parliament and to all governmental officials, 
and demanded control of the administration. He in- 
sisted that governmental management had not been what 
it ought to be and that henceforth there should ‘be an 
honest, stable, economical, constructive and progressive 
government, controlled and carried on for the benefit of 
all the people in due proportion; not as advocated by the 
socialists, but exactly the opposite. He proposes to fully 
protect person and property, giving to all equal oppor- 
tunity for success, and guarantees the individual posses- 
sion and use of all that is legitimately acquired. His 
Constitution for the Nation, as it is understood, so far 
as the protection of person and property is concerned, 
equals our own and under him is likely to be better ad- 
ministered in many respects. 

The King of Italy was first approached by Mussolini. 
To know exactly what took place would of course be in- 
teresting. Certain it is the King rose to the heights of a 
great opportunity. As of the highest importance, he 
considered the interests and welfare of Italy; everything 
else, in his mind and action, was subordinated. Undoubt- 
edly the minds of these two men met on one subject, viz.: 
What was the best course to pursue in order to protect 
and advance the interests of their country? Patriotism, 
love of country, was the controlling sentiment in the 
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mind of His Majesty the King, and in the mind of Mus- 
solini. All the rest you know. The facts were published. 
The administration was immediately changed and gov- 
ernmental affairs were placed under the lead and control 
of Mussolini as Premier. 
What has he done and what is he doing? The first 
thing insisted upon was that every one up to the point of 
capability should be regularly at work, that there should 
be no arbitrary or unnecessary interruptions through 
strikes or otherwise. Next that there should be strict 
economy, both in private and public affairs. Then that 
honesty and capability should be rewarded, dishonesty 
penalized and incompetent officials eliminated. What are, 
what necessarily must be, the results of an administration 
under the master mind of such a man as Mussolini? As 
he expresses the situation: ‘‘ Every one is at work, econo- 
mizing and saving. The National Budget already is 
nearly down to the level of government resources. Con- 
ditions will be further improved.’’ His present opinion 
is in favor of the private ownership, management and 
financing of public utilities, with the protection and sym- 
pathy of the Government and such governmental regu- 
lation as the interests of the public may absolutely re- 
quire. He stands for stability, progress and prosperity. 
Mussolini is a man with a good looking, pleasant, con- 
fident and determined countenance. He will do much for 


Italy if he retains his health, strength and equilibrium. 


Italy, as a nation, you know. With her topography, 
her surroundings, her seas and skies, her history, her 
literature, her monuments, her art, her preserved ruins, 
she is unsurpassed. Rome with her physical and mental 
strength ruled the world for centuries. 


CoRSICA 


Corsica is a beautiful island, and Ajaccio a fine, though 
not large, city. Its greatest monument is the old, com- 
fortable brick house which sheltered Napoleon Bonaparte 
and his parents when he was born. It has recently been 
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taken over by the National Government of France, to 
whom the island belongs. The people, contented, pros- 
perous from their standpoint, loyal, friendly to visitors, 
make a sojourn there, temporary or prolonged, enjoyable 
and satisfactory. Napoleon, in his prime one of the 
greatest of soldiers and statesmen, lived there in his early 
days. Unreasonable ambition, coupled with disloyalty of 
his friends, destroyed him. .How much he could have done 
for the world if he had also possessed the unselfish char- 
acteristics of George Washington. 


GIBRALTAR 


The Rock of Gibraltar is one of the most noted of 
monuments. It is as well known as the Sphinx of Egypt. 
With its military defenses it is impregnable. Its solidity 
and strength represent the character of Great Britain. 
The Mauretania on her return trip passed the rock at 
midnight. There was a full moon, the skies were clear, 
and the sight was grand and impressive, one never to be 
forgotten. The famous military General Smith-Dorrien 
is Governor General, and as such has made a fine record. 
It is to be regretted that his term has nearly expired. 


MADEIRA 


Madeira, a naturally handsome island, with dress and 
habits most attractive, climate very agreeable, is pros- 
perous and progressive, though the governmental taxes 
are much too high. In this matter Portugal is making a 
serious mistake; not unlike some other Governments that 
might be mentioned. 


Lisbon 


Lisbon is an unusually attractive city, beautifully 
situated. It should be visited by all travelers. There 
are many sights in natural scenery and monumental build- 
ings with contents that are well worth a visit. The coun- 
try is moderately prosperous and progressive. The na- 
tion needs and must have peace, international and do- 
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mestic. Wars and riots have heretofore been very detri- 
mental and discouraging. The climate is excellent. 


JERUSALEM 


Jerusalem is the city best known, by name at least, of 
any city in the universe, because Jesus Christ was cruci- 
fied there. It is a large place, containing within the walls 
and outside probably 100,000 people. In many respects 
it is like the descriptions of the old Jerusalem. The 
‘‘money changers’’ are there, though outside the present 
temple. The Jews on Fridays, possibly at other times, 
are at the ‘‘wailing wall.’? They constitute probably 
about one-tenth of the whole population. The large ma- 
jority are Arabs, although a great variety of races, with 
as many different costumes, are there. A traveler will 
see women in Palestine and in all the Mohammedan coun- 
tries with covered faces. The city within the walls is up 
and down hills, with narrow streets and cobblestone 
pavements. The mosques and other religious buildings 
are magnificent. The walls are practically restored and 
will be maintained. There are pointed out a great many 
sacred places, such as Gethsemane, Golgotha, Lazarus’ 
burial place, Pilate’s court rooms, residences of Mary 
and Martha, etc., etc., many of which alleged locations 
are not fully authenticated. The Zion movement, so 
called, up to date has not been entirely successful. Rep- 
resentatives of England, under the stress of war condi- 
tions, made promises that cannot be fulfilled. Jews are 
outnumbered and besides, if they were in the majority, 
they would not, as a rule, be happy there. The motive 
for a Jew in living at Jerusalem would be strictly re- 
ligious. There is an American colony in Jerusalem 
founded many years ago by Spofford, a Chicago lawyer, 
whose whole family, with one exception, had previously 
perished in a shipwreck. This colony in charge of a de- 
scendant is prosperous and generally respected. 

To see Jerusalem with its surroundings, including 
Bethlehem, Nazareth, Hebron, Jericho and large numbers 
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of other places, should be the desire and, if possible, the 
intention of every living person. The hotel accommoda- 
tions are fairly good, though simple. To describe Jeru- 
salem in much detail would take time which cannot be 
spared, particularly in view of the fact that so much 
about it has been written and published. To see it, and 
before and after, to read what has been written in the 
Bible, especially in the New Testament, is of highest in- 
terest and importance. 


ALGIERS 


Algiers is unique, noted for its beautiful situation and 
climate. It is a ‘‘crazy quilt’’ of costumes and customs 
and people with a babel of tongues. You should go there. 
A trip by automobile from there across the Great Desert 
would be wonderful. 


MonarcHIES 


The American traveler, who visits foreign countries, 
is impressed with the striking changes that have occurred 
concerning the rule of monarchs. Some of these were 
predicted at or before the commencement of the late 
World War. Formerly kings were all independently 
potential. Now they have little to say when disagree- 
ments appear, however much beloved the monarch may 
be. Perhaps this is best, though there is always danger 
of carrying the distribution of governmental or state 
control too far for the welfare of the entire populations. 
If every one was a true patriot of highfest moral prin- 
ciples, there would be no danger in the political horizon. 


Dretomatic SEervicr 


Our Diplomatic and Consular service in the depart- 
ments visited is good and compares favorably with those 
of other countries. The officers are able, diligent, and 
carefully attend to the business matters in their charge. 
They make special effort to accommodate and assist 
American travelers; and they are highly spoken of by 
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Diplomats as well as the Consuls of other countries and 
by local officials. It is a shame that our representatives 
are not paid salaries and provided with funds that would 
place them on a parity with others. Nearly all nations 
furnish homes and good salaries and funds for reasonable 
travel and entertainment. Ms 


Tur RuwR VALLEY 


It may not be out of place to refer to the present 
situation in the Ruhr Valley, although obviously it would 


_ be inexcusable for a private citizen of the United States 


to publicly express an opinion concerning the merits of 
the existing controversy. 

That it is unfortunate, deplorable, and creates a bad 
influence extending far beyond the three nations par- 
ticularly involved, will be generally conceded. The daily 
cost to the French and Belgians must be enormous; that 
there is considerable suffering and some deaths in their 
ranks is probable. On the other side there are many 
deaths and the daily cost and the personal suffering are 
very great; and in addition their damage to property and 
business is appalling. Neither side can afford the losses 
which will result from the continuance of the conflict, and 
the adverse effect upon the whole world, as a final re- 
sult, will be greater than in advance can be appraised. 

Recent statements made by important citizens of 
Germany, Belgium and France, respectively, indicate that 
the peoples of all these countries generally would like to 
see an early and satisfactory disposition of all their 
international differences. What action could be taken, 
or when, or in what manner, or by whom, is a problem 
not easy of solution. However, if each of the nations 
should in due form submit every question involved to a 
disinterested and impartial foreign nation to be mutually 
selected, agreeing to abide by the decision, the whole mat- 
ter could be disposed of with justice, to all and injustice 
to none; or if, for instance, the submission should be made 
to such a man as Secretary of State, ex-Justice Hughes, 
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and all the pertinent facts furnished, there would be a 
prompt and early decision, fair, intelligent and just; and 
it would surely command the respect of all nations, in- 
eluding France, Germany and Belgium. If urged he ought 
to be willing to serve, notwithstanding the heavy burdens 
he is carrying. 

The desire and thought of every one in the whole 
universe should be, not how to avoid or postpone a set- 
tlement, but rather how to find some way for promptly 
bringing it about. 


BustngEss CoNnDITIONS 


Tt is not difficult to ascertain and accurately state what 
has happened or is occurring in the iron and steel busi- 
ness of this country, or to guess what may hereafter oc- 
cur; but to state with certainty what will happen in the 
future, even for a period of six months, is impossible, 
though many of us in practice, from conditions as they 
exist, reason to a conclusion as to what is likely to happen 
in the near future and act accordingly. 

At present the furnaces and mills of iron and steel 
manufacturers are operating nearly to full capacity, lim- 
ited and modified only by a lack of sufficient working 
forces. The producers find it difficult to satisfy the per- 
emptory demands of consumers; this has been the situa- 
tion for some months past. Stocks of finished materials in 
our warehouses and at the mills are very low. The unfilled 
orders on the books of steel manufacturers are not less 
than fifteen or sixteen million tons, and the new bookings 
and shipments of finished materials per day for the whole 
industry are eighty or ninety thousand tons. In short, 
there is nothing in sight to indicate that there will be a 
substantial diminution of the demand for finished steel 
in this country during the next six months, to say the 
least. 

Of course, as always, conditions may change mate- 
rially and suddenly, depending upon circumstances, but 
the necessities of consumers in the United States and of 
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those in foreign countries who are our customers are so 
great, the population is increasing so rapidly, and the 


- ability to buy and pay for steel, as shown by financial 


statements, so large, there is within view no reason to 
suppose there will be, certainly not in the near future, a 
material slackening in demand and use. The bank de- 
posits in twenty-five banks only are said to be about eight 
billion dollars. Much depends upon the attitude of the 
business men. This includes both sellers and buyers; and 
it is to be remembered most of the buyers of our products 
are also sellers, in some form or another, of the mate- 
rials which they buy. 

There has of late apparently been a deliberate and 
persistent attempt to create an impression that there 
will be, in the near future, a substantial recession in 
business activities. Business men generally understand 
this. The propaganda is inspired by a few short-sighted 
persons who do not seem to understand that if they could 
succeed in wrecking the business structure they would 
themselves be buried in the ruins. 

However, the postponements in some lines of busi- 
ness operations have not wholly resulted from deliberate 
and unworthy propaganda. In the building lines par- 


ticularly, where work has not already been commenced, 


projected operations more or less have been postponed by 
reason of the extraordinary and inordinate prices charged 
by certain trades for wage rates, and also by the numer- 
ous strikes or threatened strikes for still higher wage 
rates. One need only read the reports published in the 
daily press to be convinced of these facts. 

As often stated publicly, eighty-five per cent or more 
of the cost of producing steel, from the raw products to 
the finished material, is paid to the workmen. When, in 
order to secure sufficient workmen on buildings, contrac- 
tors are compelled to pay the carpenters, painters, brick- 
layers, plasterers, plumbers and others in kindred lines, 
$10.00 and upwards per day of eight hours, and this to 
workmen who are demanding a five-day week, with arbi- 
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trary limits of the work done, it is not surprising if the 
puilding of costly structures is being postponed until 
more favorable conditions shall obtain. The wonder is 
that there has been so much puilding during the last 
eighteen months. Tf one will take the pains to go through 
the cities and outlying territory one will at present see 
thousands of buildings in process of construction. 

As a matter of course, the public will soon discover, 
‘f it is not already generally understood, that extor- 
tionate prices for materials or labor must eventually 
be paid by the consumer. Every unreasonable or unfair 
burden in business operations must eventually fall upon 
the user; and the law of supply and demand will sooner 
or later bring about exposure and remedial action which 
will secure fair and proper adjustments. In this connec- 
tion, it is proper, though not necessary, to suggest that 
the steel manufacturers, in their own interest, must not 
permit prices for their commodities to go above a point 
which is fair and reasonable. We were for months sell- 
ing our products at prices that were too low for a fair 
return on our investments; but at present it would seem 
that selling prices are about right. To the extent we be- 
lieve this statement is justified we should, if possible, 
prevent them from going higher, notwithstanding the de- 
mand is large and urgent. 

Building operations, though important, are a small 
percentage of our business. Even though there should 
be no more new contracts for structural steel during the 
next six months, apparently the steel business taken as a 
whole would be satisfactory. 

When one considers the wealth, resources, increasing 
production and purchasing necessities of this country, 
the present business outlook is good. And this is said in 
the face of very-heavy burdens of taxation, unnecessary 
and unreasonable political and social agitations precipi- 
tated by those who have nothing financial at stake, the 
unfortunate troubles pending in foreign countries, and 
the bugbear of politics. 
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It must be admitted that if one reads the Congres- 
sional Record when Congress is in session and visits 
the rooms of the Congressional Committees, where may 
be found organized minority groups urging propositions 
that have no merit, many of them with destructive ten- 
dencies, there is some ground for discouragement; but if 
one will turn about face and leave these circles of de- 
spondency and go out upon the farms, and in the manufac- 
tories, and along the transportation arteries, and into 
the active mines, one is compelled to conclude that the 
constructive forces of the United States are so great by 
comparison that the small standing army of pessimists 
cannot for long or to any great extent interrupt the on- 
ward march of business activity. 


Tue Secretary: The next item on the program is 
moving pictures of the laying of a high power submarine 
cable in San Francisco Bay. I think the audience would 
all be interested to keep their seats and see these pictures. 

There has been placed in your seats, and you should 
have in addition to the program of the day’s papers, a 
pamphlet relative to an invitation issued by The Army 
Ordnance Association to meet with them at the Army ord- 
nance proving grounds at Aberdeen, Maryland, in the fall. 
It is the desire of the directors of the Institute to find 
out how much interest the members of the Institute would 
have in attending that meeting. The pamphlet tells of 
the meeting. The Army Ordnance Association is an as- 
sociation formed to keep the manufacturers of the United 
States in touch with the ordnance department of the 
Army, so that they may understand the needs of the ord- 
nance department, and in turn that the ordnance depart- 
ment may know the manufacturing capacities of the coun- 
try. Various associations have already met with The 
Army Ordnance Association. The tentative program, 
as you will see, involves the demonstration of all appa- 
ratus which the Army ordnance department has charge of. 
There will be firing of large guns, from the 16-inch down 
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to the smallest, also hand arms, railroad and sea coast 
artillery, together with demonstrations of bombs, tanks 
and tractors and other forms of war materials. I can 
say to you, from what [ have happened to see personally 
in pre-war days when the Army ordnance proving ground 
was at Sandy Hook, that it will be a most interesting 
thing to see. On the last leaf of the pamphlet is a little 
coupon which you are asked to sign and detach and file 
in the office in the outer room as an indication of your 
wishes in regard to accepting this invitation to go to 
Aberdeen. Signing this coupon does not commit anybody 
definitely ; it is merely an expression of his present desire, 
which may be modified by circumstances as they may ap- 
pear. You will confer a very great favor upon the direc- 
tors, and incidentally enable them to give an early answer 
to The Army Ordnance Association in respect to this in- 
vitation, if you will all indicate your wishes on that cou- 
pon and deposit it with the office outside. 

The program contains the usual notice that luncheon 
will be served in the Grand Ballroom at the close of the 
forenoon session, and all members are requested to 
register for themselves and guests and obtain banquet 
tickets for the evening. 

Tun Cuarrman (Vice-President Schwab) : We will 
now proceed with the moving pictures. Mr. C. F. Hood 
of the American Steel & Wire Company, Worcester, 
Mass., will explain.as he goes on what these pictures are. 
I again urge you all to be seated, so that we may go on 
with the program. 

Mr. Hoop: Mr. Chairman, members of the Institute : 
The Great Western Power Company was desirous of 
bringing direct power to San Francisco from their new 
hydro-electric plant at Feather River Canyon. This 
power was transmitted 280 miles, at 165,000 volts, to Rich- 
mond, At that point they had to decide between two 
plans of carrying the energy into San Francisco. One 
was to continue a high tension line approximately one 
hundred miles around the bay—this would have to go 
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through a thickly settled district at a high cost for ma- 
terials and right of way; the other proposition was to 
_ lay approximately eight miles of large submarine cable 
directly across the bay. 

After studying the situation the latter scheme was 
adopted and put into execution. The voltage is stepped 
down at the Richmond end to 11,000 volts, at which value 
it is carried on the cable and distributed in San Francisco. 

The slides and film which we will now show will illus- 
trate the construction, method of handling, joining and 
laying of this cable. 

_ (The moving picture and slides were shown with ex- 
planatory remarks by Mr. Hood.) 


Tse CuHarrman (Mr. ©. M. Schwab): Mr. W. A. 
Forbes, of the United States Steel Corporation, will read 
_apaper on The Value of Chemistry in the Iron and Steel - 
Industry. 


THE VALUE OF CHEMISTRY IN THE 
IRON AND STEEL INDUSTRY 


Wituiam A. Forses 
United States Steel Corporation, New York, N. Y. 


Both the quality and amount of all materials involved 
in steel making processes are governed by chemical anal- 
ysis, which is also employed to determine whether the 
steel produced is of desired grade before rolling, forging 
or casting. In fact, every step in the production of steel 
is marked by a complete chemical analysis, from the raw 
materials going to the blast furnace to the final treat- 
ment before the finished part is placed in track, struc- 
ture, machine or wherever it is destined to serve. These 
analyses are carefully recorded, making it possible to 
trace the history of a piece of steel back to the blast 
furnace from which it originated. This knowledge of 
conditions at each stage of manufacture eliminates the 
element of conjecture, the tests of the chemist fixing pro- 
portions to a nicety and making determinations beyond 
peradventure. Thus standards once established can be 
followed readily thereafter. 

The blast furnace is frequently designated as a 
chemist’s crucible on a mammoth scale and is operated 
strictly on chemical principles. 

Chemistry as an art is very ancient, being practiced 
as such as far back as 4000 B. C.; chemistry continued to 
be practiced as an art until about the middle of the sev- 
enteenth century, or less than 300 years ago, at which 
time it commenced to be practiced also as a science and 
began to be of real value to the iron and steel industry. 

The origin of the word ‘‘chemistry’’ is generally 
recognized as Egyptian, that country being probably the 


—— 
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birthplace of chemistry. The derivation of the word ap- 
pears to be somewhat doubtful. It has been ascribed by 
some as coming from the name of the Egyptian god 
Khem, the god of generation, productiveness and vege- 
tation, but it is more likely that the word is derived from 
the Egyptian word ‘‘chemi,’’ meaning the ‘‘black land,”’ 
the ancient name of Egypt. This may be the reason why 
chemistry was long known as the ‘‘black art.’’ 
Opposition to scientific research in olden days was 
strong and often resulted in social degradation, imprison- 
ment, torture or death. Consequently, in the study of 
chemistry, secrecy was necessary and, therefore, symbols 
of various fantastic designs were used, probably suggest- 


_ ing the present day chemical symbols used to designate 


the various elements. 

Chemistry is divided into two main sections, namely, 
organic chemistry, which deals with all those many sub- 
stances formed by life processes, and all the compounds 
derived from such substances; and inorganic chemistry, 
which deals with the chemical elements in general and all 
their compounds not formed as, or derived from, animate | 
matter. 

As we shall see, both organic and inorganie chemistry" 
have been, are, and undoubtedly will continue to be of 
great service in developing the iron and steel industry 
by the application of chemical laws to this art, by giving 
more and more accurate analyses of raw, intermediate 
and finished products, in the preparation of chemical 
compounds and their use in arts and manufactures. 

The first method of testing iron ores was by fire assay- 
ing in the so-called dry manner, probably originating in 
the sixteenth century. These tests consisted in roasting 
the ore and then separating with a magnet, the magnetic 
material being retained and used and the non-magnetic 
material being discarded as useless. The first laboratory 
where students could receive a thorough practical train- 
ing in chemistry supplementary to the instruction given. 
in the lecture room, was installed in 1825. 
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To show how rapid has been the progress made in the 
application of chemistry to the iron and steel industry 
it is only necessary to point out that the first chemist to 
be employed in an iron or steel works laboratory in this 
country was Captain Robert W. Hunt, who was engaged 
by the Cambria Iron Company in 1860. 

It is only fifty years since construction of the great 
Kdgar Thomson Works was commenced, namely, 1873. 
At that time, while it was considered that a chemist in 
the works might be of some use, he was regarded largely 
as an evil and an unnecessary one at that. The recogni- 
tion of the value of the iron and steel works chemist came, 
as we all know, very soon thereafter and his sphere of 
activity and consequent value to the art was rapidly en- 
larged. 

The ability to isolate the various elements and their 
compounds by means of chemical reactions makes it pos- 
sible for us to intelligently study the composition of sub- 
stances and the effects of their constituents in metallurgi- 
cal processes, and it is largely this analytical ability that 
makes the chemist of such great value to the iron and 
steel industry. We now can realize how difficult it must 
have been to overcome the apparently insurmountable 
obstacles encountered by the pioneers in our industry 
and appreciate the progress which was accomplished in 
reaching the stage it did before chemistry was practically 
applied. In the manufacture of iron and steel, the chemi- 
cal laboratory is absolutely necessary in order to control 
their composition and make possible the production of 
steel, having the composition which has been proven to 
give the best results for the intended purposes. When 
Steel gives good results for certain purposes, chemical 
analysis allows us to continue making a similar grade 
and when for any reason steel fails, chemical analysis 
usually determines the cause. 

All raw materials employed in iron manufacture must 
be carefully analyzed and graded to insure successful 
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blast furnace operation and regular production of uni- 
form iron. 

Commencing with iron ore, coal, limestone, in fact all 
the raw materials entering into the manufacture of iron 
and steel, the application of chemistry governs in the 
first place their purchase, by determining their composi- 
tion and disposition. 

By means of the chemical analysis of coal, we are able 
to determine definitely the composition of the coal, and 
get a reliable idea as to its suitability for coking purposes 
and the amounts of the various byproducts which can be 


- recovered therefrom. This is of immense value in de- 


termining the value of coal when a purchase is contem- 
plated. It is only a few years since all of this was done 
simply by rule of thumb, the actual value of the coal re- 
maining unknown until tried out in practice. 

Chemistry allows us to know the amounts and nature 
of the impurities contained in the coal and to what extent 
such impurities as ash, sulphur, and phosphorus, for in- 
stance, must be reduced, or may be present in the coal for 
its best economical use. In the washing of coal, chemical 
analysis regulates the loss of combustible and usable 


coal in the waste. The same remarks refer to iron ore, 


limestone, etc. 

In the case of limestone, chemical analysis, besides 
determining the general character of its composition, 
shows us also the point to which screening should be car- 
ried for the best all around results by putting us in posi- 
tion to calculate the fluxing value and the proportion 
which should be discarded at the quarry. 

Chemistry shows us, for each of the various processes 
employed in the manufacture of iron and steel, which 
materials, which ore, which coke, which limestone, for 
example, are best suited so far as chemical composition 
is concerned. Indeed, without chemistry, the manufac- 
ture of steel from ores high in phosphorus for instance, 
as discovered by Thomas and Gilchrist, which discovery 
led to the basic Bessemer and basic open-hearth pro- 
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cesses, would probably have been impossible, or at any 
rate would have been long deferred. 

In the manufacture of coke, one of the principal raw 
materials employed in the manufacture of iron, the de- 
velopment of by-product coke ovens can unquestionably 
be credited to the application of chemistry, inasmuch as 
the commercial saving of the by-products overcomes the 
very much greater investment cost of by-product coke 
ovens as compared with beehive coke ovens. The com- 
mercial value of the by-products is governed by their 
chemical composition and the ability to successfully 
manufacture commercial products from the chemicals 
therein. 

From the vapors and gases of distillation, tar is con- 
densed, and ammonia products, and oils of the benzene 
series are recovered. By operations based on the princi- 
ples of organic chemistry, refinement of tar produces 
almost limitless series of dyes, acids, drugs, flavors, per- 
fumes, ete. 

The ammonia in the gas is brought into contact with 
sulphuric acid, producing sulphate of ammonia, which is 
one of the most valued fertilizers in existence. The am- 
monia is also used for the manufacture of various chem- 
ical compounds, such as ammonium carbonate and am- 
monium nitrate. Ammonia is also extensively used in 
refrigeration and in the manufacture of soda ash for glass 
manufacture, the soda ash process being itself a strictly 
chemical process from beginning to end. Incidentally 
soda ash is extensively used, by the steel industries and 
many others, for the treatment of hard water. 

The benzol oils are absorbed in a petroleum product 
and later distilled to produce benzol, toluol, xylol, ete., 
with their potential properties to produce light, heat, 
power, explosion and dye base. 

The railroads, which transport these various raw ma- 
terials, ore, limestone, coal and coke to the blast furnaces, 
have been developed to their present carrying ability 
largely through the application of chemistry, which has 
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permitted specified railroad materials of the composition 
proven best suited to their needs, not only iron and steel, 
but all classes of materials. 

Iron smelting in the blast furnace or chemist’s cru- 
cible, may be briefly described as a series of reducing and 
fluxing processes, the oxide of iron in the ore losing its 
oxygen to the carbon of the coke, while the impurities in 
the ore, such as silica and alumina, chemically combine 
with the lime and magnesia of the limestone, or dolomite, 
and form a slag. In no part of the manufacture of 
iron and steel has the chemical laboratory and the appli- 
eation of chemistry been of greater service than in af- 
fording the necessary close control in the operation of the 
blast furnace for the production of pig iron. Incidental 
to the smelting process proper, which is governed chemi- 
cally by the analyses of the raw materials entering, and 
the pig iron, slag, and gases, leaving the furnace, further 
control by chemistry is had of the combustion of the 
gases in hot blast stoves and under boilers, for instance, 
by analysis of the products of .combustion with a conse- 
quent saving thereby. Chemical analysis also determines 
the suitability of the slag required for the manufacture of 
cement. It also allows us to detect the presence of potash 
in the flue dust, when potash is present, and enables us 
to separate it therefrom, when sufficient of this valuable 
fertilizing medium exists in the flue dust to permit its 
commercial extraction. 

Even in the period prior to the time when the pig iron 
is charged into the bessemer converter or open-hearth 
furnace, chemical reactions occur which reflect upon the 
quality of the steel and have a bearing upon the method of 
operation. For instance, where basic bessemer iron is 
used and passed through large mixers en route to the con- 
verter or open-hearth furnace, a combination of man- 
ganese and sulphur occurs, forming a slag and reducing 
the sulphur in the iron to a workable degree. Also, when 
eold iron is melted with coke in cupolas, it takes up 
sulphur from the coke and the chemist has to keep watch 
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on the iron charged into and tapped out of the cupola to 
guard against the production of iron too high in sulphur. 

Prior to the days of steel, the manufacture of iron 
was to a great extent an empirical art, and the manufac- 
turer did not consider as very important the estimation 
or control of the impurities occurring in its manufacture. 
It was, of course, apparent in the puddling and crucible 
processes then prevailing that certain elements imparted 
certain qualities such as hardness, toughness, and brittle- 
ness to the product, but the effects upon the quality of the 
iron due to the amounts contained of carbon, manganese, 
sulphur, phosphorus and silicon, for instance, were not 
understood. 

Pig iron is converted into steel by two main general 
processes now in vogue, namely acid, or basic, or a com- 
bination of both. The acid bessemer and then the acid 
open-hearth were the first processes for the manufacture 
of steel which were developed upon what we consider to- 
day a commercial basis. The designation ‘‘acid’’ is 
chemical in metallurgy and is applied to those non-metal- 
lic elements which combine with oxygen to form acids. 
This is strictly what occurs in the acid process, where 
the principal non-metallic impurities existing in the iron, 
namely silicon and carbon, are oxidized, or acidified, if 
you care to so call it, the oxide of silicon or silica enter- 
ing the slag and the carbon burning to carbon dioxide and 
passing away. 

In other words, an acid slag is used which furnishes 
the necessary oxygen to the silicon and carbon in the iron. 
On account of the character of the slag in the acid pro- 
cess, the phosphorus in the iron cannot be oxidized and 
neutralized or eliminated and consequently great care has 
to be exercised in selecting ores and other raw materials 
to keep the phosphorus in the iron sufficiently low, which 
result is assured only by chemical analysis. 

The designation ‘‘basic’’? used in metallurgy is also 
chemical and applies to metallic elements and substances 
which combine with oxygen to form bases. The basic pro- 
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cess of making steel consists of introducing into the lining 
of the bessemer converter or open-hearth furnace and 
into the charges a basic material, usually lime, which has 
the property of combining with the phosphorus in the 
iron to form slag after the phosphorus has been oxidized 
to phosphoric acid. 

In the basic bessemer process, this oxidation of phos- 
phorus is accomplished by blowing air through the iron 
in the converter and lime is added to the converter to 
absorb the phosphoric acid thus formed. The resulting 
slag, containing 18 to 22% of phosphorie acid, is highly 
‘ regarded as a fertilizer and all produced is used for this 
purpose. It is necessary, however, to overblow the iron 
in the basic bessemer process in order to eliminate the. 
phosphorus to a workable extent, and this is very objec- 
tionable, inasmuch as it introduces another detrimental 
impurity into the steel, namely, ‘‘oxide of iron.”’ 

In the basic open-hearth process, the oxygen required 
for the oxidation of the phosphorus in the iron to phos- 
phorie acid is supplied by iron ore, which is oxide of iron. 
In other words, an oxidizing slag is employed and 
although oxide of iron is introduced into the bath, its 
oxygen is largely used in oxidizing the carbon in the iron, 
and in the basic open-hearth process it can be controlled 
to considerably better advantage than in the basic besse- 
mer process. 

The acknowledged inferiority of basic bessemer steel, 
as compared with acid bessemer or acid open-hearth or 
basic open-hearth steel, is due mostly to the inclusion 
therein of dissolved oxide of iron. We do not believe a 
satisfactory method of chemical analysis for determin- 
ing this impurity, namely, oxide of iron dissolved in 
steel, has yet been developed, but we hope chemistry will 
before long contribute this much desired aid to the art of 
steel making. Similarly the character, amounts and ef- 
fects of occluded gases in steel have not been satisfac- 
torily nor entirely solved as yet and there is quite a field 
for chemical research in this item. 
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In the crucible process, the chemical reactions are 
much more simple. The metal is overlaid with a slag, 
which, though not as oxidizing as the open-hearth slags, is 
much more oxidizing than the electric furnace slags. 
There is a reaction between the molten metal and the walls 
of the crucible during the ‘‘killing’’ period; that is, after 
the metal is lying quiet after having been melted. Both 
carbon and silicon are absorbed from the material compos- 
ing the crucible. Silica is reduced to silicon by the car- 
bon present and then is ready in the nascent state to re- 
duce oxide of iron. Being thus again converted into 
silica it rises to the surface of the metal into the slag. 
The carbon also acts as a reducing agent with respect to 
iron oxide, but under these conditions it is not possible 
to make low carbon steel. As it is not possible in the 
crucible process to remove phosphorus or sulphur, raw 
materials of high quality must be used. 

In the electric steel process, both carbon and silica 
exist in the slag, and not in the container, and it is pos- 
sible to make low carbon steel in the electric furnace, 
as well as to eliminate both phosphorus and sulphur from 
inferior raw materials. For the removal of phosphorus, 
it is necessary to add iron ore to provide an oxidizing 
slag which will oxidize the phosphorus to phosphoric 
acid and then combine it with the lime to form phosphate 
of lime; but after the removal of the slag containing the 
phosphorus a second slag is used, which is so highly re- 
ducing, due to the presence of finely divided carbon 
strewn over it, that not only is all the iron oxide in the 
slag reduced, but the oxides which rise from the metal 
into the slag are continuously reduced. This action may 
be compared to the action of a blotter soaking up a pool 
of ink, where successive blotters are used until eventu- 
ally all the ink has disappeared and the last blotter re- 
mains clean. 

So strong is the reducing action that manganese ore 
may be reduced to manganese and pass into the bath, 
tungstic acid reduced to tungsten, vanadic acid reduced 
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to vanadium, chromic oxide reduced to chromium, silica 
reduced to silicon, and so on with most of the metallic 
oxides, so that it is only a matter of electro-chemical 
calculation to determine in advance how much ore, how 
much reducing agent in the form of carbon and how many 
thermal units in the form of kilowatt hours are necessary 
to give any required amount of any desired element, 
without employing the pure metal or a ferro-alloy as a 
means of making the various alloy steels. 

Many thousand tons of coal, in the form of producer 
gas, are used every year for the melting and heating of 


“steel. The conversion of the coal into the more conve- 


nient gas is a chemical process. In gasifying the coal, the 
carbon is partially burnt to an inflammable gas, carbon . 
monoxide, by adding oxygen from the air; and by the ad- 
dition of steam, water is broken up in the hot coals, thus 
supplying the oxygen for the formation of additional car- 
bon monoxide and liberating the hydrogen. The sensible 
heat in these gases drives off the volatile matter in the 
green coal. The mixing of these various gases gives the 
product, producer gas. 

Although gas was made from coal before the chemical 
operations were understood, the knowledge of the chem- 
istry of the gas producer enables us to make better gas, 
to use the coal more efficiently, and in some cases to 
recover valuable byproducts. 

Tn order to have a check on the chemical reactions go- 
ing on in the gas producer, we send samples of the gas 
to the laboratory and find the quantities of CO, CH,, 
C.H, and H contained therein to determine the thermal 
value of the gas and in addition to this we learn from the 
eontent of CO. whether the gas is being burned and con- 
sequently wasted in the gas producer instead of being 
delivered to the furnace. This has become so important 
that now continuous sampling and analyzing: are auto- 
matically performed. 

The application of chemistry to the development of 
suitable refractories for furnace linings, of various char- 
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acters to suit the steel processes developed, has been 
extremely beneficial. It has resulted in the application, 
among many other materials, of chrome ore, bauxite and 
zirconia, which latter is probably the most refractory 
material known, withstanding a heat of 4000° F. before 
melting. 

It was not until 1786 that iron carbide and graphite 
were isolated, leading the way to the knowledge of the 
part played by carbon in the conversion of iron into steel, 
and it was later developments in chemistry that paved 
the way to our present knowledge of the various forms in 
which carbon exists in steel. 

Chemistry is directly responsible for the production 
of alloy steels which are now used to such a great extent. 
The chemist does not impart the resulting qualities or 
actions to alloy steel, but by means of chemistry he was 
in the first place able to isolate the materials and elements 
used in its manufacture, and then by chemical analysis | 
to control the composition of the product. Alloys are 
no longer considered as simply a mixture of two metals 
as formerly, but are recognized now as being solid solu- 
tions, in other words, nickel for instance dissolves in steel 
just as sugar dissolves in water. 

Some alloy steels develop odd contradictions in their 
own compositive qualities; for instance, iron is the most 
magnetic metal known and manganese is also magnetic, 
but their alloy, manganese steel, is entirely non-magnetic. 
An example directly contradictory to this is low hystere- 
sis steel which is more subject to magnetic influences than 
pure iron, although it is an alloy of iron which is strictly 
magnetic and silicon which is non-magnetic. Nickel also 
is magnetic, but a nickel steel containing 25% nickel 
is not magnetic and resists corrosion very well, and a steel 
containing 36% nickel neither expands nor contracts with 
varying degrees of temperature. 

Steel containing 12% to 14% of chromium constitutes 
stainless steel. A still more recent development is that 
of rustless iron or stainless iron which is the same ma- 
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terial as stainless steel excepting that the carbon content 
is very low, permitting the material to be worked into 
sheets for deep stamping: for instance, for cooking uten- 
sils, wire and many other articles of manufacture where 
resistance to oxidation and to heat and corrosion in the 
air is of great importance. Permalloy is an alloy of iron 
and nickel which is likely to be valuable for electrical 
work. Tungsten is alloyed with steel to give the so-called 
high speed steels. Molybdenum is similarly used though 
it does not impart the desired qualities to the extent 
that tungsten does. Protection from corrosion is secured 
‘through the alloying of copper with steel, the addition of 
as small an amount as one-quarter of one per cent of 
copper affording excellent results. 

It will thus be seen that the processes for manufactur- 
ing steel are strictly chemical processes from beginning 
to end, and of these, the basic bessemer and basic open- 
hearth processes could not have been commercially de- 
veloped without the scientific application of chemistry. 
Neither could the electric furnace process have been de- 
veloped without the application of chemistry, this process 
involving more scientific application of chemistry than 
probably all the other steel processes combined. 

After steel is rolled, forged, cast or machined to re- 
quired dimensions, it is often desired to impart certain 
special properties and this can be done through the agency 
of chemical processes. Steel may be case hardened by 
being packed in some carbon producing substance (gen- 
erally wood charcoal) and subjected to heat. The carbon 
will enter the steel and combine with it in solid solution, 
the depth of penetration depending upon the time of ex- 
posure and the amount of heat applied. 

Again, white iron in which the carbon is practically 
all combined and which is very brittle, can be converted 
into ‘‘black heart’’ malleable iron, which is decidedly the 
opposite of brittle, by heating the white iron for a number 
of days packed in some protecting material, such as iron 
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ore, the combined carbon being converted to graphitic car- 
bon in this treatment. 

Although it might be possible to control the various 
elements in malleable iron empirically going back all the 
way to the blast furnace, how much easier, simpler and 
less costly it is for the malleable iron founder to know 
what are the contents of carbon, silicon, manganese and 
sulphur in his metal before casting it in expensive molds 
and then placing it in annealing boxes, where it must re- 
main for days with a large consumption of fuel for 
heating. 

To bring out the latent qualities of steel, heat treat- 
ment is often employed and this effects structural changes 
which bring about increased strength and hardness or 
ductility depending upon the character of treatment to 
which the steel is subjected. 

Directly or indirectly many chemicals and chemical 
processes are involved in the production of steel and are 
used in connection with equipment of plants at which steel 
is produced. Indeed, it would be impossible to manufac- 
ture steel by modern methods without these chemicals and 
a knowledge of their commercial application to the steel 
industry. One of the most important is sulphurie acid, 
which is used principally for the recovery of ammonia 
products from gas and for ‘‘pickling”’ finished steel prod- 
ucts that require an absolutely clean surface. Sulphuric 
acid is not a solvent for scale on steel, which is an iron 
oxide, but the acid penetrates through minute crevices 
invariably found in such scale and attacks the steel under- 
neath, loosening the scale which is readily removed. The 
action of the acid on the steel itself forms sulphate of iron 
which is an important chemical having a high commercial 
value. This sulphate of iron is recovered from the waste 
pickling liquor and also from coal mine water and is used 
extensively for treatment of water, manufacture of paint 
and for polishing glass and conversion into oxide for 
removal of sulphur from illuminating gas. 

It is estimated that the iron and steel industry uses 
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in the neighborhood of 15 per cent of the total sulphuric 
_ acid manufactured in this country for pickling and the 
manufacture of sulphate of ammonia. 

Sulphuric acid is made by two processes: the contact 
process which consists of oxidizing the sulphur fumes 
produced from brimstone or by roasting sulphide ores, 
through the medium of a catalyzer, generally platinum; 
and the chamber process which consists of oxidizing the 
sulphur fumes by nitric acid and absorbing in water 
vapor in a lead chamber. Some of the steel companies 
manufacture sulphuric acid from zinc ores in the manu- 
facture of spelter, the resultant spelter being used for 
galvanizing purposes. Two tons of the usual grade of zine 
ore are required to manfacture one ton of spelter and 
two tons of 60-degree sulphuric acid are produced in this 
process. Galvanizing is accomplished by introducing steel 
sheets or other products into a receptacle containing mol- 
ten spelter upon which is floated a layer of such chemicals 
as sal-ammoniac to keep the steel clean and prevent the 
spelter from oxidizing. Chloride of zinc is recovered as 
a by-product in this process. Sal-ammoniac is also utilized 
as a flux in tin plating. Nitre cake or sulphate of sodium 
is recovered in the manufacture of sulphuric acid and is - 
utilized for purposes similar to sulphuric acid, for in- 
stance, pickling, ete. 

There are great possibilities for obtaining sulphur as 
a by-product of the iron and steel industry. During the 
war when scarcity of sulphur in Germany was very great, 
experiments were made to recover sulphur from blast 
furnace slag and the results were so encouraging that a 
plant was built. The slags used contained from one per 
cent to 2.25 per cent of sulphur, averaging about 1.50 
per cent. The United States produces approximately 
20,000,000 tons of blast furnace slag per year, containing 
sufficient sulphur to make enough sulphuric acid for all 
the requirements of the steel works in this country. 

We have another potential source of sulphuric acid 
in the iron and steel industry, namely, the sulphur which 
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occurs in byproduct coke oven gases; that sulphuric acid 
can be commercially manufactured from this source has 
been demonstrated in Europe on a large scale. The ex- 
traction of sulphur from the gas for this purpose. also 
has a beneficial effect upon the quality of the gas. 

Calcium carbonate (limestone) is one of the three 
principal iron smelting materials and is used as a flux in 
the blast furnace. Lime is an important base and this 
quality makes it valuable in basic steel making processes. 
Another important use follows ‘‘pickling’’ of finished 
steel products in acid. Such steel is washed with water 
and then immersed in a dilute lime solution, which per- 
forms the triple function of neutralizing any acid that 
may remain on the steel, coating to prevent oxidation and 
lubricating the piece for subsequent drawing, as is the 
case with wire rods. 

Sodium chloride (common salt) is used to clean the 
scale from plates during rolling. A liberal quantity of 
salt is sprinkled on the plate just before entering the 
rolls which are continuously sprayed with water and the 
combination of heat and pressure causes the water and 
salt to be vaporized with explosive violence, cleaning the 
plate readily. 

Sodium carbonate (soda ash) and other chemicals are 
used for water softening to neutralize the hardening ef- 
fects of lime and magnesium salts, which otherwise would 
soon interfere with mill operations by forming a deposit 
in boiler tubes. Soda ash is also used to clean tank cars 
and other receptacles for such material as benzol. 

Sodium silicate (water glass) is used to make a paste 
of fireproofing material for repairs to furnace walls, 
boiler settings and stack linings. 

Calcium carbide and oxygen are employed at all steel 
works for cutting and welding by the oxy-acetylene flame. 

Borax is used as a flux in welding. 

The fact that every chemical has a definite melting 
point is taken advantage of in heat treating. Such com- 
pounds as sodium nitrate, potassium nitrate and others 
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are used to determine heating and quenching points very 
accurately. Rolling temperatures of sheets and other 
products may be definitely determined by dropping on 
the steel, crystals of potassium and other salts, the melt- 
ing points of which are known. 

When small steel parts such as cutting tools or dies 
are required with a very clean surface, tempering in a 
bath of molten barium chloride prevents scaling or oxi- 
dizing. 

Barium carbonate and other carbonates are used in > 
case hardening to increase the activity of carbon in the 
- carbonizing medium. 

Steel placed in a solution of copper sulphate may be 
plated with metallic copper by electrolytic action. 

Copper sulphate is used to determine the uniformity 
of galvanizing and lead acetate to determine the amount 
of galvanizing. 

In addition to these and many others, the steel works 
chemical laboratories have a complete assortment of all 
the chemicals required for tests and analyses. 

The application of chemistry to safety, sanitation and 
efficiency in the mining and metallurgical industries is 
very important and valuable. Its application to safety 
covers the chemical and physical testing of explosives, 
and study of inflammability of gases and dusts. The 
results are very important in connection with questions 
of ventilation, the determination of the effects of carbon 
monoxide and other gases in tunnels and in mines and in 
the industries, the effect of repeated exposures to carbon 
monoxide, the development of new methods for determin- 
ing the percentage of carbon monoxide in blood, the anal- 
vsis of drinking water and also the development of gas 
masks for industrial use. 

We have referred to the part chemistry plays in the 
metallurgy of electric steel processes, but there is another 
field of chemistry which is becoming broader every day 
and more important in filling the wants of civilization: 
this is electro-chemistry. The wonderful development of 
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the production of electric power by means either of water 
or fuel has been coincident with the development of elec- 
tro-thermal or electro-chemical processes. Electrolysis 
is not a new thing, but only a few years ago, we could not 
have anticipated that large tonnages of zine would be ex- 
tracted from the ores electrolytically and that chemistry 
would solve the problem of overcoming the difficulties 
connected with the various impurities and metals found 
in those ores, and that it would be possible to compete 
commercially with the old smelting processes. 

We are greatly indebted to electro-chemistry for cal- 
cium carbide as a source of light and heat, and cyanamide 
and the atmosphere as a source of nitrogen for agricul- 
tural fertilization. 

While we talk about the wonderful development of the 
automobile, we must remember to what an extent the 
automobile industry is indebted to alloy steels and that 
the manufacturer of alloy steels is dependent upon the 
use of ferro-alloys, most of which are produced in electric 
furnaces and are the direct result of the research of elec- 
tro-chemists. 

Other examples of electro-chemistry development are 
carborundum and artificial graphite which are made in 
such large quantities at Niagara Falls, N. Y. 

What an important part in the arts and manufactures, 
as well as in steel making, aluminum plays, a metal which 
is reduced by a combination chemical and electrolytic 
process. 

While inorganic chemistry has become the tool and 
every-day necessity of steel men and while physicists are 
learning more about the nature of electricity and elec- 
trical engineers are studying how to give us this valuable 
form of energy cheaply and conveniently, it is diffi- 
cult to see the end of the possibilities of the development 
of electro-chemistry and the part it may play in the steel 
industry. 

In further development of chemistry we must be care- 


Oe 


wave 
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ful we are on the right track, otherwise retardation of 
the art will result. 

Take the phlogiston theory as an example. Phlogiston 
was a hypothetical element supposed to be pure fire, fixed 
in combustible bodies, distinguishing it from fire in action 
or free. The phenomena of combustion were at that time 
(1650-1750) believed to be due to a chemical decomposi- 
tion, phlogiston being supposed to escape, whilst we ac- 
count for the same phenomena now bya chemical combi- 
nation—oxygen or some element being taken up. The 
phlogiston theory was quite generally accepted by chem- 


_ ists within the period in question and thus somewhat re- 


tarded progress and research in other directions. 

What does the science of chemistry in the iron and 
steel industry hold for us in the future? Considering the 
tremendous progress which has occurred in the last three 
hundred years, who can now predict what will be accom- 
plished in the next three hundred years? 

As of April 15, 1923, there are 83 recognized elements, 
exclusive of 5 radio elements whose classification and 
identification are not yet complete and 31 additional 
radio-active substances which are probably elements 
although too indefinite as yet to be classed as such. (For 
list see Appendix). 

Of the 83 recognized elements only 14 were known up 
to the end of the seventeenth century, 16 were discovered 
in the 18th century, 49 in the nineteenth century and only 
4 so far in the twentieth century, although we must bear 
in mind the discovery in these later years of the radio ele- 
ments and radio-active substances above referred to. 

How many of the elements known as such to-day can 
be further subdivided it is impossible now to say, but 
that further subdivision will occur there is no doubt. 
Even iron may be further subdivided into elements not 
now known. 

Will chemists of a hundred years hence regard as 
academic or futile our present day results of which we 
are so proud, just as we look back on the days when 
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chemical theories appeared just as sound to the chemists 
of those days as ours do to us today and which later were 
proven to be unsound and a retardation to the progress 
of the art? The day may come, and judging from past 
history, it will come, when our present chemical theories 
will be replaced. What will bring this about it is now im- 
possible to state. Perhaps the further development of 
catalysis, which so far has found no direct broad appli- 
cation in the iron and steel industry, may pave the way 
for radical changes in the future. 

There exist certain substances which may lie in a 
vessel seemingly inert and yet by their presence deter- 
mine occurring reactions. A substance which has this 
power is designated as a catalyst and the process is 
termed catalysis. The substance which exerts a catalytic 
influence is not itself permanently affected and can be 
used over and over again. For instance the presence of a 
very small quantity of platinum permits the combination 
of large quantities of atmospheric nitrogen with hydro- 
gen forming ammonia, this constituting one of the main 
features of the Haber process for the fixation of atmos- 
pheric nitrogen as ammonia. The platinum used is not - 
exhausted in the process, but can be used over and over 
again after a cleansing process to remove certain ele- 
ments which gradually accumulate and hinder its cata- 
lytie action. 

Possibly the day will come when impurities will be 
removed from iron ores by catalytic action in simple inex- 
pensive equipment replacing the present expensive smelt. 
ing operation. 

Perhaps colloidal chemistry will solve some of our 
future problems in the iron and steel industry. 

Colloidal chemistry is concerned with that state of 
matter in which minute particles of a substance are dis- 
tributed or suspended throughout another substance. 
These particles of matter are below the range of micro- 
scopic vision, but can be seen by means of refracted light 
in the ultra-microscope actively moving about as if they 
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were possessed of life. In a similar manner particles 
which are so small as to be beneath the range of vision 
may be seen suspended in air when we look across a beam 
of sunlight. An example of a colloid in the solid state is 
that of finely divided gold dispersed in glass, producing 
a beautiful ruby color, though the gold is invisible to us. 

The importance of iron oxide colloids is already recog- 
nized and it is possible that the study of colloidal chem- 
istry may teach us more than we now know concerning 
the constitution of steel. It is already being applied to 
the corrosion of steel. 

The important question remains: How may further 
progress in the application of chemistry to the iron and 
steel industry be maintained? The answer is: In un- 
tiring and unremitting research. 


THE CHEMICAL ELEMENTS 


Arranged chronologically according to year of discovery and including only elements 
recognized as such as of April 15, 1923. 


Com- 
Year of bining 
Discovery Name Symbol* Weight Discoverers § 
Prehistoric 
OS. oo COPPER: oniescisa-e» Cu (Cuprum).... GBLBa © Proucelesohtata: ceince ate : 
Prehistoric 
Times..... GOLD No i. ware k's Au (Aurum)...... OTe DR WS patel s oi atenacte Ban toheoae 5 
Prehistoric 
BEINGS 6.2. she ERON sitececiees Fe (Ferrum)..... DD POAY Mis pla treichaie ayenchelehalovete 
Prehistoric 
Times..... TEATS raca.se ens oe IPhacPLami payne cOLae. deren) ciescicieleisieleeteacete 
Prehistoric 
‘iened--2 2.) MERCURY <2... Hg (Hydrargy- Y 
’ TUR Seen x UO Ri cataece islasshere sn eather ik 
Prehistoric 
Wistiem es so 8) LL VER not esis 28 ore ie (Areomtums 0) LOZ sSS | Velele are. she i01m/s, 10 fo ¥re (etd 
Prehistoric 
Times... «. SULPHUR. <<... Diaz hae arent iasiiaa SOG Emmett ayes tnehsnelateve tos ape erers 
Prehistoric 
Mimes:. 5... SPUN edict Seectara eco tare say RST (UR TIRINTSEID vaste) ELS AEM Way «erro ctelics alot opeyonsto st 
13th Century ARSENIC......... fee epee op Seren (Oe a eee, ee Mero c 
5 i BISMUTH. 3455:01 iy Netcare 208.0 Basilius Valentinus 
1260S jo5 6 24 ANTIMONY...... Sb (Stibium)..... 120.2 Basilius Valentinus 
PS 20R Sao tects BUN Oaks trsters.3 4 Districts Hee 65.37 Paracelsus 
16th Century 
or earlier... PLATINUM....... DP Geer oes eberer teases 195.2 dlejeelalsloio ie djelsietel siete 
MG69) 2 ancieete PHOSPHO RiUSt ene bowie scl ie heared wie 31.04 Hennig Brand 
{Ee eee COBAGET:. asce-ccpvs% COs Soeeie siete varveutte 58.97 Brandt 
il Gsp Ae oe NIT CRCB oi occ cotne oi0.5 IN RR fols.2 brecsuelre 58.68 Cronstedt 
17GGin nose HYDROGEN...... dieser feet ety 1.0008 Cavendish 
cs ee OXYGEN......... Oe ore, 16.00 oiead 
i NA ear ee NITROGEN....... DN ieraposiana averstaye ae oh 14.01 Rutherford 
Ba Sener mee CHLORINE 00 = (Gi ents OSE Mara mte 35.46 Scheele 
UN ee ee et MANGANESE: .0. Mise. css oe. 54.93 Gahn 
MKS e.e she et MOLY BDEIN UNE. MG d oe cine ee 02,0000 96.0 Scheele 
AT SO Me aes CARBON DG cee COA ean ae 12.005 Lavoisier 


*Latin name if symbol not derived from English name. 
§If two discoverers working together, names are on one line. If two discoverers work- 
ing independently, names are on separate lines and connected by a brace. : 
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Com- 
Year of bining 
Discovery Name Sy mbol* Weight Discoverers § 
W (Wolfram)..... 184.0 Scheele k 
LO pach Ate wee 127.5 M. v. Reichenstein 
Ws tote, re eecreter 238.2 Klaproth 
Ws s sis. tenes 90.6 Klaproth 
D5 sth atte ee oe 48.1 McGregor 
bP Prtine shee 88.7 Gadolin 
OY poke ae sees 52.0 Vauquelin 
LSOU Ree 2 COLUMBIUNG. + +5 Co beereen eee 93.1 Hatchett 
(Also known as Niobium.) 
LS029 savee-ae GLUCINUM...... GI wae sas dee 9.1 Ekeberg 
(Sometimes erroneously called Beryllium (Be)) 
1802. shes. TANTALUM...... Brak eo ate 181.5 Ekeberg 
TSO ern ais CERIUM:..:.23..: Cet oe cetera 140.25 Berzelius & Hisin- 
ger 
ESOS ect ere OSMIUM aes ah Og sce ie alkane 190.9 8S. Tennant 
ASOB ee lids < PALLADIUM..... dos ey gis eee 106.7 Wollaston 
ESOS eter sai TRUD VOM i, ae oe po Ae oe Ree a 193.1 8S. Tennant 
TB OR se tate te RHODIUMc..éces Rid hs sed meltsianie 102.9 Wollaston 
TSO eee POTASSIUM...... K (Kaltumy..2 25 39.10 Humphry Davy 
i fo) UA ee (TUM costce Saae Na (Natrium).... 23.00 Humphry Davy 
ISOS). Sees. BARDU Moy eee Fe a eee eee 74.96 Humphry Davy 
208.0 Gay-Lussac & The- 


MAGNESIUM ..... 
VANADIUM...... 


bo 


CINISOWmU OMY 


i» 00 
ao - 


re 
Nee he ae ee a 
CUOW Wore PNOWS 


HELIUM... ives oa 
ERY PPONe.ciscsn 


*Latin name if symbol not derived from English name. 
’ §If two discoverers working together, names are on one line. 
ing independently, 


nard 
Humphry Davy 
Humphry Davy 
Berzelius 
Humphry Davy & 
Gay-Lussac 
Berzelius 
Stromeyer 
Antoine J. Balard 
Woehler 
Berzelius 
ussy 
Sefstrom 
Mosander 
Mosander 
Mosander 
Claus 
R. Bunsen & Mat- 
thiessen 


R. Bunsen & Kir- 
choff 
Wm. Crookes 
Reich & Richter 
iS de Boisbaudran 


lieve 
L. de Boisbaudran 
Nilson 

Cleve 

Marignac 

A. v. Welsbach 

A. v. Welsbach 

L. de Boisbaudran 


H. Moissan 
C. Winkler 


Wm. Ramsay & M. 
Travers 

Wm. Ramsay & M. 
Travers 

P. & 8. Curte 

Demarcay 


If two discoverers work-. 
names are on separate lines and connected by a brace. 
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THE CHEMICAL ELEMENTS—Continued. 


Com- 
Year of bining 
Discovery Name Sy mbol* Weight Discoverers § 
OOS Fr LUTECIUM.....:. Te eee Urbain 
Te ee YTTERBIUM _ soe 175.0 { v. Welsbach 
(Neoytierbium) es), De ds nin vce scne 173.5 { es Se ae 


(The Ytterbium discovered in 1878 by Marignac proved to be complex, consisting of Neoyt- 
terbium and Lutecium.) 
kt? 2 ar HAFNIUM#....... bd Oe ene Cry a ae 144+ Coster & Hevesy 


RADIO ELEMENTS 
(Classification and identification not yet completed) 


Com- 
Year of bining 
Discovery Name Symbol* Weight Discoverers§ 
1898 8 ds sy POLONIUM....... POss cts Pl eneres. 210 P. & S. Curie 
TSO oc wk ws ACTINIUM....... peo crater ie ct is Debierne 
W900) Sos .facas ETON sect ayes INE Stic cra ipsieie crete 222 E. Rutherford 
(To be called Radon (Rn) formerly called Radium Emanation) 
TOO Rh aoe MESOTHORIUM.. Ms Th.......... 228 Hahn 
(Probably a mixture of Mesothorium 1 and Mesothorium 2) 

MOOT oe oo arcicin TON BUM ca oee ss ste TOs ae eee Se 230 Boltwood 
ADDITIONAL RADIOACTIVE SUBSTANCES WHICH ARE PROBABLY 
ELEMENTS 

Still too indefinite to include in table 
Com- 
Year of bining 
Discovery Name Symbol* Weight Discoverers § 
ae rae eon PARC TEN POIVE Ag ctr) AG: Alia bi aib op) ottont ? Bt Me ete 
~ ae ee ae ACTINIUM B..... CHD. ce set eeate ? Sane rer sasee eps pcale ae 
Se ee Se ACTING ME Co. cos Ae Cinnneke es ? Diss, CEN e chetaehie cafarsiaters 
Me pcgedire fs sise 3 eis ACTINIUM C’ PCC LOR Set eas ats Sk ag Pe eee nee taste choke 
Mitts ooo sss os ACTINIUM ; 
DMANATION..~, ‘Ac Bint. osc... 57 We eal gkorta cysts aisles eels 
(To be called ACTINON (An)) 
1905 acc 2 PRCREDIGUU RE Meese | ACK ces coer Scare ? 
BUN iccvosk S syeie MESOTHORIUM 1 Ms Thl......... 228 
OF ete MESOTHORIUM 2 Ms Th2......... 228 
Berets eis PROTOACTINGIUM UP aise, \didiere aise cate 2? 
(Also called Eka-tantalum) 
RADIOACTINIUM Rd Ac.......-...- ? Hahn 
PA DLOT HORI pa Bae ogo. <ieje 2 228 Rath 
RADIUM A Ra A DIS: © a eee ee eee 
RADIUM B OO eA ecarseites tee 
RADIUM C Ae Stein 5 ope eo airs lene ie 
RADIUM C’ DA ap scke Matetm ates tous saat 
RADIUM C’ DUOWE ieettes ta cis ele av ey<iehal ace 
RADIUM D DUO ym cote a tenskin states ska 
Bete ceca Bsa" RADIUM E 210 a eee aro Bie um 
SPV cys, c/o. 0 THORIUM A 216 RENEE Aerie tats 
Las ea cee THORIUM B 212 een Sree eicze ts 
BRU rae nate Bore THORIUM C 212 Oe A Riek pice eters 
BP ete wits THORIUM C’ 212 ROE AO TO Chee 
Epes teen ete a2 THORIUM C’ 208 PM aaa 
USOS.ce sc ces THORIUM X 224 {f nant 
ager Cie THORIUM 
EMANATION... ThHEm.......... PX TS Gane OD has 
(To be called Thoron (Tn) 
Rr kes Areas URANIUM I...... = ot Ry Hac tee ye 238 
a eee Ee AINE Wie ily arcrie gl. Edis 5 stent s/o lose 234 
PP Rye Ps a's tena 2 TR AINTOIME Ske. ne ote UUs Pace vis wiv bias 234 
Be achceeinisbars 3s Wi: AUNT WM 2s | US 2 th eevee. 234 
(Also called Brevium) 
beeen oes atife nie WORE ASIN HIM Vereen i YG tie ake vir 8 i ope ? et arate: oleae 


*Latin name if symbol not derived from English name. — ; 
§If two discoverers working together, names are on one line. If two discoverers work- 
ing independently, names are on separate lines and connected by a brace. 
#Combining weight of Hafnium probably between 00 and 100, being closely related to 
Zirconium. ta 
{Subject to revision. 
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THe CHatrman (Mr. ©. M. Schwab): We will now 
have a discussion of Mr. Forbes’ paper by Mr. Bradley 
Dewey, President, Dewey & Almy Chemical Company, 
Cambridge, Mass. 


Discussion by Braptey Drewry 
President, Dewey & Almy Chemical Company, Cambridge, Mass. 


You have just heard a comprehensive sketch that 
leaves little more to be said of the historical and present 
day applications of chemistry to the iron and steel in- 
dustry. The future value of chemistry and some of its 
possibilities have been touched upon. Now is a good 
time to say a little more about this future. 

Every phase of steel making development has been a 
triumph of organization. Today the progress of chem- 
istry, applied theoretical physics, and chemical engineer- 
ing is usurping the place and leadership held during the 
last forty years by the progress of mechanical engineer- 
ing and electricity. With chemistry growing so rapidly 
we now have the problem, how is the steel industry to 
organize this growth? 

A generation ago a doctor was a doctor, and a chemist 
was a chemist. Just as medicine has grown so large that 
no one man can know it all, so chemistry has grown to a 
point where there are many distinct fields, and where the 
problem of correlating and using the available informa. 
tion is becoming increasingly more difficult. The special- 
ized steel chemist will be the first to admit that he cannot 
give proper and adequate service to the daily operation 
and routine development of his organization and also eor- 
relate and apply the possibilities of these specialized 
fields. Consider a few examples. 

Some men are obtaining an adequate visual picture of 
the makeup of an atom. Will this work help the tech- 
nology of steel? Who is going to tell us why a one-quarter 
per cent of copper retards the atmospheric corrosion of 
steel? Is it going to be a physical chemist or a colloidal 
chemist? Will the answer open up new possibilities? 


- 
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Lubrication has been considered a part: of the field 
of the mechanical engineer, but the application of modern 
colloidal chemistry is opening up new vistas, and the 
problems incident to the lubrication of hot roll necks, 
bearings flooded with water, wire drawing, and the like, 
are well worthy of review by the best of the new school 
of chemists. There are prospects that, through liquid 
air, we may obtain oxygen in the neighborhood of $5.00 
per.ton. The large use of this would, of course, bring 
with it a host of problems for the specialist in refrac- 
tories, but would it not also bring with it problems for 


‘the best of our physicists and physical chemists? Some 


may dream that it would even make giant superpower 
gas producers of our blast furnaces, and make pig iron 
a byproduct. 

The Bucher Process for nitrogen eectibns is showing 
more promise and is turning out pure iron as a by- 
product. <A large development of this might bring the 
iron and steel industry into contact with still another 
chemical field. The processing of all kinds of fuel, the 
complete gasification of coal, and the structure of cokes 
made by newer processes, call for imagination reinforced 
with up-to-date technical knowledge. The same is true 
of the problems incident to the possibilities of saving 
fuel through central station distribution of high pres- 
sure gas made by new methods. 

In short, the chemical organization of the iron and 
steel industry of the future must make use of specialists 
in physics, physical chemistry, radio-activity, metallog- 
raphy, special precision instruments, metallurgy, absorp- 
tion of gases, electro-chemistry, electric furnaces, heat 
treatment, refractories, thermodynamics, phase rule dia- 
grams, spectroscopy, and also chemical engineers of both 
specialized and consulting experience in the great host of 
other process industries. 

When planning the future of chemistry in the iron 
and steel industry, the steel executive must apply his best 
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talents to the mechanism and organization which are to 
make useful the ever increasing mass of chemical knowl- 
edge. 


THe CHarrman: We will now have a paper by Mr. 
Henry E. Davis, chief electrician, Interstate Iron & Steel 
Company, South Chicago, Illinois, on A Motor Driven 
Rolling Mill. Mr. Smith, general superintendent of the 
same company, will read the paper for Mr. Davis. ° 


A MOTOR DRIVEN ROLLING MILL 


Henry E. Davis 
Chief Electrician, Interstate Iron and Steel Company, Chicago, IIl. 


In presenting a paper on a motor driven mill, it is 
natural that the writer use for his subject a mill with 
_which he is familiar. I am taking, therefore, the Inter- 
state Iron and Steel Company’s merchant bar mill, lo- 
eated at South Chicago, Illinois, which was put in opera- 
tion on June 4, 1921. 
This mill comprises an 18”, 16”, 14” and 12” contin- 
uous merchant mill, designed and built by the Morgan 
- Construction Company, to roll alloy steels in sizes 56” 
to 3” in diameter, or equivalent sections of squares and 
ovals, also flats 114” to 6” wide, with a minimum thick- 
ness of 3/16”. The mill is served by two Morgan, gravity- 
discharge, reversing continuous heating furnaces with 
hearths about 34x13 feet. These furnaces are fired from 
three 10-foot gas producers. 

The roughing mill consists of two 18” and four 16” 
stands and is what might be called a combination of a con- 
tinuous and a semi-continuous roughing mill. There are 
electrically driven connecting tables between stands 1 
and 2, 2 and 3, and 4 and 5, but no connecting tables be- 
tween 3 and 4, or between 5 and 6, the last four stands 
being tied together in pairs. This arrangement permits 
a shorter overall length of the roughing mill, which is 
advantageous because the reduced time in handling allows 
for higher finishing temperatures than if connecting tables 
had been installed between the stands that are tied in 
pairs. However, it has the disadvantage that the mill is 
full with four billets, whereas if the stands were not tied 
together it might be possible to work six billets and the 
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maximum power peaks would occur less frequently though 
the total power consumption would remain about the 
same. 

This roughing mill is driven by a 1500 H.P., 2200 volt, 
three phase, 60 cycle, 78 R.P.M., wound rotor, induction 
motor through bevel gearing. The first four stands are 
connected to one end of the motor and the last two stands 
to the other end, a breaking spindle and thrust collar be- 
ing used in both cases between the mill line-shaft and the 
motor-shaft. 

Before deciding on a 78 R.P.M motor, a 450 R.P.M. 
motor with gear speed reducing set was considered. The 
450 R.P.M. motor would require less floor space and have 
a higher power factor. In efficiency and reliability the 
comparison was about equal. The gear reducing set 
would add an extra unit to the drive that would require 
attention and consume power. The cost of the slow-speed 
motor was less than the combined cost of the high-speed 
motor and gear set, and in my opinion we have a simpler, 
more reliable and more economical drive with the slow- 
speed motor than we would have had, had we chosen the 
high-speed motor. 

The finishing mill consists of six stands, two 14” al- 
ternate intermediate stands, and four 12” staggered duo 
stands. Steel leaving the last, or No. 6, stand of the 
roughing mill is transferred broadside to No. 7 stand, 
the first stand of the 14” mill, and is again transferred 
to No. 8. From here it is carried by transfer or repeater 
to the first stand of the 12” mill. The repeater is easily 
moved into position and is used when rolling small sizes. 
From the first stand of the 12” mill (No. 9 stand) the 
steel is delivered onto a special skew roll table, which 
delivers it in proper position to the next pass. The three 
remaining, or Nos. 10, 11 and 12 stands, are connected 
with the same type of tables. When rolling light sections 
such as spring steels, the skew tables are not used, pro- 
vision being made in the table construction to allow for 
hand looping from stand to stand. 
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The finishing mill is driven by a 2000 H.P., 250 to: 
150 R.P.M, 2200 volt, single-range, Kraemer set, which 
is direct coupled to stands No. 9 and No. 11. Stands No. - 
7 and No. 8 are driven by belt. Stands No. 10 and No. 12 
are driven by belt. A thrust collar and breaking spindle 
are provided between the motor and driving pulley. 

The question of driving this mill with a single-range 
Kraemer set was not settled without considering the 
double-range Scherbius set. One of the advantages of 
the Scherbius set is in being able to operate at speeds 
above or below the base speed, whereas with the Kraemer 


_set it is possible to operate only below the base speed. 


For our application the base speed of the Scherbius 
set would have been 200 R.P.M. and in event of injury 
to any of the regulating equipment it would have been 
possible to roll, at 200 R.P.M., sections that could not be 
rolled with the Kraemer set. It would also. have been 
possible to roll, at a reduced tonnage, any of the sections 
that could be rolled with the Kraemer set. 

These advantages of the Scherbius set were not con- 
sidered of sufficient importance, however, as against the 
advantages of the Kraemer set. The Kraemer set con- 
sists of three standard machines (an induction motor, a 
direct current motor and a rotary converter) which have 
been developed for reliable operation, and with which the 
average mill electrician is familiar, and has had experi- 
ence in maintenance and operation. An intimate knowl- 
edge of the characteristics of any particular machine is - 
essential in maintaining continuous operation. 

Motor rooms of brick construction have been provided 
for the main drives. Removable roofs allow for the use 
of the mill cranes in case repairs are necessary. The 
floors are covered with an insulating mastic compound 
eliminating the usual dust and grit of a cement floor; also 
providing one that is easier to keep clean and eliminating 
the necessity of rubber mats. 

The drives are under the supervision of one operator 
on each turn; he is stationed in the finishing mill motor 
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room. All master controllers, as well as the maximum 


torque push buttons for both motors, are conveniently’ 


located in this room. The maximum torque push buttons 
permit the cutting out of the first three resistance points 
when necessary, which is not unusual in starting up if 
the mill is cold, or in backing out a cobble. Emergency 
stop buttons are located out in the mill and since on dif- 
ferent occasions one or the other of the motors stopped 
without any apparent cause, these buttons were sealed 
with paper, making it impossible to operate them without 
breaking these paper seals. This precaution clearly in- 
dicates in the case of a stopped motor whether the motor 
was stopped from the button or other causes. There are, 
no doubt, other methods of accomplishing the same re- 
sults, but in my opinion this is very reliable and eco- 
nomical, 

In starting up the mill, the roller signals by a Klaxon, 
located in the power room, the speed at which he desires 
to roll. The operator, after repeating back the signal 
by a Klaxon, located at the finishing stand, starts the fin- 
ishing-mill motor. The several resistance points are cut 
out step by step until the motor is automatically brought 
to high speed or 250 R.P.M. If the mill is to operate at 
lower speed, the rotary converter is started, and through 
proper manipulation of the field rheostats of the rotary 
converter and direct current motor, the mill is brought 
to the desired speed by observing an electric tachometer 
. mounted above the rheostats. When the starting of the 
finishing mill motor is completed, the roughing mill motor 
is started, automatically coming up to full speed as each 
point of the starting resistance is cut out. Starting the 
finishing mill motor first avoids the possibility of steel 
being put through the mill while the operator is adjust- 
ing the speed. The total time consumed in starting both 
motors to full speed is but 56 seconds, and an additional 
9 seconds is required in adjusting the speed to 200 R.P.M. 
on the finishing mill motor. 

The mill drive motors with their control were supplied 
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by the Allis Chalmers Manufacturing Company. These 
motors are of very rugged construction and are especially 
adapted for the heavy steel mill service. The yokes have 
a deep section and rigidly support the core by means of 
dove-tails integral with the punchings and end clamps. 
The end clamps are fastened with through bolts. 

The stator coils are diamond shape in form, wound 
and insulated with 4000 volt, class A insulation, and are 
lashed and braced in place to prevent distortion under 
heavy overloads or when plugging. The stators are ar- 
ranged for sliding parallel to the shaft to allow for mak- 


_ing repairs. The rotor spider thas [-beam section arms, 


the construction of the core being similar to that of the 
stator. The bearings are heavy mill type ringoil and 
arranged for water-cooling. This last feature, however, 
was not found necessary. 

The control furnished with the motors is the direct 
current operated, magnetic type arranged for plugging. 
It is built for hard service.and all parts requiring renewal 
are accessible. The secondary control panels with the 
resistance and the forward and reverse solenoid operated 
oil switches are located adjacent to each motor. ‘he 
main oil switches are automatic, with overload and under- 
voltage protection, and are electrically interlocked with 
the rest of the control and, in the event of their opening 
automatically, they cannot be closed until the master 
switch is brought to the off position. 

Located in the finishing mill motor room and under 
the supervision of the motor operator, are two 500 K.W. 
motor generator sets, a 20 K.W. exciter set, a 66 K.W. 
frequency changer set, and a thirteen panel switchboard, 
all being supplied by the General Electric Company. The 
motor generator sets furnish 230 volt direct current for 
the auxiliary motors and traveling cranes. ‘The sets are 
tied in with the plant power station and, in emergency, 
power can be used from either station. This also makes 
it possible to shut down either station on a Sunday. The 
frequency set consists of a 110 H.P.., 230 volt, shunt wound 
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430 to 780 R.P.M. motor, direct connected to a 66 K.W., 
70 to 130 volt, alternating current generator, and fur- 
nishes the power for ninety-three motor driven rolls, de- 
scription of which is given later. The switchboard con- 
sists of six panels for the control of the alternating cur- 
rent circuits, a totalizing meter panel in the center, and 
six panels on the other end for the direct current circuits. 
All panels are of natural black slate, 90” high and 2” 
thick, and with the oil switches are mounted on pipe frame 
work. 

The oil switches are located about eight feet to the 
rear of the board, but are manually operated from the 
front. Mounted on each panel are the usual indicating 
meters with a watthour meter for each circuit. Mounted 
on the totalizing panel are a graphic wattmeter, volt 
meter and power factor meter, in addition to the indicat- 
ing meters and watthour meter. These meters are all 
connected to the 12,000 volt side of our power supply and 
serve as a check against the power company’s meters. 
The primary panels for the motor drives also have gra- 
phic wattmeters. In my opinion the graphic wattmeter 
is one of the most important requirements in a motor in- 
stallation such as ours, and if it is closely observed will 
assist in preventing electrical and mechanical delays on 
any installation. Our operators are instructed to watch 
the graphic meters, especially on the main drives. Upon 
observing any unusual rise of the mill friction load by the 
increased demand of power on either motor, or noticing 
any sudden increased demand of power when steel is be- 
ing rolled, the operator notifies the mill superintendent 
or roller. 

The operator, besides taking care of the main drive 
motors, takes care of all the other equipment in the motor 
rooms. He takes hourly power consumption readings and 
records mill stops. At the end of each twenty-four hour 
period these records are analyzed and from them the 
power required to roll a ton of any particular grade of 
steel can be computed. The graphic chart readings are 
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taken at the end of each turn, making it easier to compare 
the power required in rolling grades of steel by the dif- 
ferent mill crews. 

We find, in rolling certain grades of alloy steel, that if 
we have steel in all stands of the roughing mill at the 
same time, the motor is occasionally overloaded to such 
an extent that it pulls out, or the circuit breakers let go. 
With this condition existing and in order to avoid inter- 
ruption on the finishing mills, it is necessary to rely on 
the table operator not to fill all passes at the same time. 
The lack of power in motor drives for steel mills may 
not be the general rule but neither is it the exception; 
there are times in the operation of nearly every mill when 
for a short period of time, it is necessary to roll at a rate 
much in excess of the average rate that can be continu- 
ously maintained. Motors should be provided which will 
drive the mill at the maximum capacity for this period 
at repeated intervals without injurious heating. 

A Spray Engineering Company air washer is located 
between the motor rooms and supplies 25,000 cubic feet 
of air per minute under two-inch static pressure through 
concrete tunnels to the motor pit, circulating up through 
the motors. : 

The motors are inspected and blown out with com- 
pressed air every Sunday, and twice a year the stator is 
slid over, the whole motor receiving a general going over 
and a coat of paint. Inspecting the motors and blowing 
them out generally takes a day, so that one motor is done 
one Sunday and the other the next. The oil is changed 
in the bearings at the same time and this has been the 
only expense we have had on the roughing mill drive to 
date. The same is true of the finishing mill drive with the 
exception that, due to heavy overloads, the rotary con- 
verter has run hot, throwing solder out at the risers of 
the commutator. The same brushes that came with the 
machines are still in service and the collector rings have 
not had any work done on them. Being able to keep the 


same motor operator on the job since the mill started 
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has helped considerably in holding down the expenses 
chargeable to the motors. 

An interesting part of the mill is the hot runout table 
and cooling bed. From the finishing mill to the cooling 
bed the 33 table rollers are individually driven by 14 H.P. 
motors. The rolls are the standard cylinder type and 
are placed on the end of the rotor shaft, making the 
motor and roller a complete unit, which is bolted to the 
side of the table. Throughout the length of the cooling 
bed cone rollers are used, individually driven by 14 H.P. 
motors. Each cone roll, with its motor, is swiveled on a 
vertical arm so that the angle of the roll can be changed 
as desired. In operation, a.bar traveling along the table 
travels on the high part of the roll until it reaches a po- 
sition at which it is desired to place it on the cooling bed. 
At that instant the motors are shifted and the bar is 
carried broadside across the face of the rolls to the small 
end of the cone, reducing the traveling. speed to a point 
where it is easily lifted off and into the first rack of the 
escapement bed. These motors are General Electric, 
alternating current, adjustable speed 210 to 390 R.P.M., 
and their power is furnished by the adjustable frequency 
motor generator set in the finishing mill motor room. 
The speed at which the small motors operate is adjusted, 
in accordance with the speed of the finishing mill drive, 
by the operator, who, at the starting of the mill also starts 
the 93 motors by starting the frequency set. Each motor 
has fuse protection. They are connected to the power 
supply in groups of ten and eleven, and instead of con- 
necting ten motors in a row to a circuit every third motor 
is connected to the same circuit. This was done so that, 
if trouble occurred on any one of the circuits, it would 
stop only one motor out of every three. Stopping one 
roll would not tie up the mill, but stopping three or more 
in a row might. These motors require but little atten- 
tion, this usually consisting of blowing them out with 
compressed air once a week, and an occasional oiling. 
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Bearing trouble developed when we first started up, but 
has now been eliminated. 

The cooling bed is 300 feet in length and is a combina- 
tion of an Edwards inclined gravity eseapement bed and 
a horizontal notched bed, and, with the packing device, 
was designed especially for the accurate slow cooling of 
alloy spring steel bars. The packing device consists of 
a series of jointed bars fastened to shafts which are 
operated through worm gearing by a12 H.P. motor. The 
jointed bars are spaced three feet apart throughout the 
length of the bed and are located between the inclined 


and horizontal portions of the bed. When cooling spring 


steel while the packing device is in operation, the steel 
in leaving the inclined bed slides down the jointed bars 
of the packing device into the first notch of the horizon- 
tal bed then by slightly raising the jointed bars the fol- 
lowing steel bar slides down on top of the first bar, the 
same operation being carried on after each bar until there 
is a full pack in the first notch. The jointed bars are 
then lowered to the starting position. The horizontal 
portion of the bed advances the pack by lifting and earry- 
ing it from notch to notch until it is deposited on the 
shuffle bars which arrange the pieces of the pack in 
proper position for shearing. 

All auxiliary motors except those on the hot runout 
table are 230 volt, direct current and were supplied by the | 
Westinghouse Electric and Manufacturing Company. 
The reversing motors are the totally enclosed M.C. type, 
the non-reversing being semi-enclosed S.K. type. 

All auxiliary motor control is of the full magnetic 
type manufactured by the Rowan Controller Company. 
All of our control equipment is concentrated in three 
balconies, located one at each end of the-mill and one in 
the center. The center balcony is directly opposite the 
finishing mill stands and makes a convenient pulpit for 
the three transfer and table operators who have between 
them fourteen master switches for controlling the travel 
of the steel through the finishing mill. The other master 
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switches are conveniently located for the control of the 
different operations. By grouping the master switches 
of the four tables of the roughing mill and adding a 
solenoid to operate the clutch on the billet dividing shear 
we made it possible to get along with but one operator, 
the table operator now being able to operate the shear. 

Just in passing I might say a word or two in direct 
reference to this auxiliary control. This control was se- 
lected because of its principle of operation and its sim- 
plicity. The principle of operation is that of acceleration, 
mainly by time limit under a secondary influence of cur- 
rent limit. This scheme aids materially in producing a 
control board with no complication such as small relays, 
ete. Our selection has stood the test of nearly two years 
of practical operation and the results have justified our 
choice. 

The four electric traveling cranes were furnished by 
the Morgan Engineering Company. These four are: 
two 15-ton, 102 ft. span, three motor, single hoist, cranes 
for the mill repairs and shipping; one 10-ton, 80 ft. span, 
three motor crane for charging the furnaces and han- 
dling the billets in the storage yard; and one 5-ton, 2214 
ft. span, four motor, bucket handling crane for coal, 
ashes and mill scale. This last mentioned erane is lo- 
cated in the gas producer building. Coal is unloaded ; 
from the cars to the coal pit or crusher and from there 
to the gas producers. Adjacent to the coal pits is a con- 
crete scale pit, into which the mill sewers are drained, 
the scale being dug out of the pit and loaded into cars by - 
the crane. 

All the electrical equipment in the mill excepting the 
main drive and their control is looked after by a motor in- 
spector and helper on each turn. The helper is also the 
operator of the gas house crane. The electrical delays 
on the auxiliary equipment, including cranes, averaged 
for last year 22 minutes per month. In the almost 
two years that the mill has been in operation, only two 
armatures have been changed, and these on account of 
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bearings, one being on a gas producer, the other on a 
crane. A motor inspector, in my opinion, plays an im- 
portant part in the electrical organization of any steel 
plant. Having one who has enough interest in his job to 
give it the required attention, will reduce electrical de- 
lays to a minimum. 

Power is purchased from the Commonwealth Edison 
Company at 12,000 volts and is stepped down to 2,300 
volts by three 1667 K.V.A. single phase General Hlec- 
tric transformers. Previous to the building of the pres- 
ent mill, power was received from the same source, com- 


. ing in through a looped line, and while a satisfactory 


kilowatt hour rate was obtained, the power interrup- 


- tions were inconvenient. Tio overcome the interruptions, 


the power company installed from their new station, 
which is located approximately three miles from us, an 
underground line, coming direct to our sub-station; we 
are the only customer on the line. This made a favor- 
able arrangement; the chances of a long power interrup- 
tion are not much greater than if we had our own power 
plant; and furthermore, a favorable rate is obtained. 

The water supply is obtained from a pump house, lo- 
cated on the river bank approximately 2,500 feet from 
the mill, which was put in operation with the new mill. 
Three 4,000,000 gal. per 24-hour capacity centrifugal 
pumps were installed. Two of these are sufficient to sup- 
ply the plant requirements, the third being maintained 
as aspare. Two of the pumps are directly connected to 
125 H.P., 2300 volt, 1700 R.P.M., induction motors, and 
the other to a 125 H.P., 230 volt, direct current, 1700 
R.P.M. motor. No attendant is necessary in the pump 
house as the two A.C. motor driven pumps automatically 
cut in and out, governed by the water level in the stand 
pipe. The other pump is automatically started from the 
finishing mill motor room by the operator upon recelv- 
ing a signal indicating low water. 

The mill is well lighted by a liberal supply of 500 and 
750 watt, 110 volt, Mazda lamps with deep cone reflectors. 
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The power supply for these is obtained through three 
33 1/3 K.V.A. transformers. ‘ The fixtures are mounted 
on the roof trusses and a substantial platform walk runs 
full length through the center of the mill and along each 
side, providing easy access for cleaning and replacing 
lamps. 

To illustrate the use of electric motive power in a 
merchant bar mill it will be appropriate here, I believe, 
to show the third reel of our motion picture, ‘The Story 
of Alloy Steel.’’? This reel portrays the operation of the 
mill used as the subject of this paper. 


Mr. Glenn E. Stoltz had indicated his intention to 
discuss Mr. Davis’ paper but was prevented by illness 
from being present at the meeting and subsequently sub- 
mitted the following written discussion. - 


Discussion by Guenn E. Srourz 
Engineer, Westinghouse Electric & Manufacturing Co., East Pittsburgh, Pa, 


Mr. Davis’ discussion of his motor driven rolling mill 
indicates that he is making a study of conditions on his 
mill, which are of considerable interest. He states they 
are constantly observing the loads as indicated by their 
graphic meters and if any unusual load is obtained, it 
is immediately reported to the mill superintendent. 
Electric drive permits of a continuous and very careful 
study of the rolling conditions. This is particularly im- 
portant on a finishing mill rolling alloy steel. There has 
been a large number of finishing mills installed since the 
war, and in most cases those required to roll alloy prod- 
ucts are of the adjustable speed type. 

It is not only necessary to be able to roll at different 
speeds as the size of the product is changed, but it has 
been found by actual test that it is desirable to change 
the speed for steels of different analysis. In one instance 
it was found that the mill operator changed the mill 
speed 10% when still rolling the same section, but using 
a higher grade alloy. 


ey 


. 


eee 


A MOTOR DRIVEN. ROLLING MILL—STOLTZ 75 


The power required to roll steel is influenced con- 
siderably by the temperature of the steel, and if it is — 
found the power consumption on some particular mill is 
higher than that on other mills rolling practically the 
same product, this is a very good indication that a study 
should be made of the treatment and heating of the steel 
before it reaches the mill. In one instance it was found 
that the power required on a certain mill was twice that 
required on another mill rolling similar product. The 
increased cost of the power was not so important as the 
fact that the percentage of defective material finished 


_ was very high on the mill taking the large amount of 


power. A study was made of the furnace operation and 
after certain modifications were made the power con- 
sumption dropped to its normal value, and the quality 
of the product considerably improved. Studies of this 
nature, of course, cannot be made on engine driven 
apparatus. 

Mr. Davis states that he has one operator that con- 
trols all of this equipment, and at the same time operates 
converting apparatus which supplies direct current to 
his auxiliaries. The use of electrical apparatus permits 
concentration of considerable apparatus under the care 
of one man and reduces the cost of attendance. The in- 
stallation of electrical apparatus more recently has been 
made with the idea of reducing the amount of operating 
labor required. Other industries are using automatic 
apparatus which, to a large extent, reduces the cost of 
attending the equipment and we have noticed a tendency 
in the steel industry in the last year or two, to consider 
the installation of apparatus which, in a large measure, 
is automatic in every respect and does not require the 
presence of an operator. Means of conserving labor will 
no doubt be utilized in the future where electric drive is 
installed. 

The installation of electrical apparatus on mills per- 
mits the generation of power in large and economical 
units, located nearby at some convenient point which is 
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not governed by the particular layout of the mill. Dur- 
ing the war thé amount of new generating apparatus 
installed did not keep pace with the growth of industry 
as a whole, but in the last two years there has been an 
unusual expansion in power generating equipment, and 
at present we find that a large number of the rolling mill 
motors installed are replacing steam drive. The growth 
of electrification in the steel industry is being paralleled 
by electrification in other industries, such as the railway 
and marine industries. 


Tue Secretary: The afternoon session is at two 
o’clock in the East ballroom. Members will assemble 
at seven o’clock for the banquet and Judge Gary desires 
to have all seated by seven-thirty. 

Cuarrman Scuwas: We will adjourn for luncheon. 

(A recess was then taken until 2 P. M.) 


Members assembled in the East ballroom at two 
o’clock, Mr. Charles M. Schwab, Vice-President, in the 
chair. 


THe CHatrrman (Mr. C. M. Schwab): The first paper 
this afternoon is by Mr. Robert Gregg, president, Atlan- 
tic Steel Company, Atlanta, Georgia, on The Standardi- 
zation of Steel Mill Practice Through Time Study. 
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THE STANDARDIZATION OF STEEL MILL 
PRACTICE THROUGH TIME STUDY 


Ropert GREGG 
President, Atlantic Steel Company, Atlanta, Georgia 


In a general sense, time study is so well known that 
it has come to be a household word in industry. When 
we limit it to the steel industry, however, we run into 
many complications and differences, so great that it 
amounts almost to a separate science. The peculiar prob- 
lems and broader requirements make it a higher type of 
engineering here than in any other industry. For ex- 
ample, let us consider the stereotyped method of time 
study, which consists of timing a unit operation, calculat- 
ing the number of such per hour ignoring unnecessary 
delays, and setting up the resulting figure as a produc- 
tion standard. 

In a steel mill this phase of the work is only incidental 
and is confined largely to the various finishing processes. 


Actual practice often shows itself inconsistent with the 


most carefully constructed theory, and the only remedy 
yet found is to make due allowance next time in our 
theory. 

The reason? It may be the effect of a great amount 
of the human element; of the excessive heat; of large 
units introducing a greater probability of error; of the 
impossibility of minute control in chemical processes; or, 


_ most likely, a combination of these and other factors. 


Certain it is, however, that time study finds itself con- 
fronted with many problems which demand for. their 
solution the services of men who know little about stop 
watches and a great deal about steel. 
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The result of the first efforts made to introduce this 
work into our plant clearly illustrates this point. We 
employed a firm of the highest ranking industrial engi- 
neers in the country, who installed a system which we 
still use altogether. But the system is all they furnished, 
for they knew their own profession and not steel. Their 
results were quite good where they involved only small 
units and finishing processes, these being the kind of 
material with which they were familiar; but wherever 
their work involved steel proper, it was worse than use- 
less, for it made the science of time study an object of 
ridicule from which it has taken many years to recover. 

In attempting to overcome this distrust and to estab- 
lish the principles involved, a class room course in per- 
sonal efficiency was instituted, the results of which were 
highly beneficial. First starting with some twelve major 
supervising men, it later took in all foremen and sub- 
foremen, requiring daily classes of one hour duration 
each, whereby the classes were made sufficiently small to 
be conveniently handled. In a few weeks this resulted in 
an entirely different mental attitude towards the work of 
the time study department and really created a desire for 
the active assistance of the men in this department by 
the various operating superintendents. 

There is no department in our plant which has not 
lent itself to this means of standardization. When ac- 
_ count is taken of the fact that the work overlaps not only 
to the operating end, but to every other staff department 
(accounting, designing, testing, ete.), it may be seen that 
our claim of a very high class of engineering is not ex- 
travagant. 


Purposes oF Time Strupy 


Time study has two aims. The first is arriving at 
satisfactory standards; the second, offering suggestions 
for improvement. 

By satisfactory standards is meant, primarily, pro- 
duction standards. It is our aim to know exactly what is 
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the maximum capacity of every unit, and more especially 
to know what is the reasonably attainable output which 
can be expected day after day barring undue mishaps. 
These standards may be determined with more or less 
accuracy by watching the performance of fairly good 
equipment handled by fairly good men. Under these 
ideal conditions, our results would be fairly dependable; 
under other conditions, they would be worthless. 

The standards set by intelligent time study are abso- 
lutely accurate. If at some future time any wide variation 
between actual and standard production is observed, we 


' may feel sure that conditions have changed. Such varia- 


tion would be an effective warning to us to determine 
what these conditions are: if better, to keep them so; 
if worse, to change them back to those which formerly 
obtained. 

In standardizing production, we must necessarily 
standardize the equipment responsible. By this is not 
meant the installation of labor-saving devices, but rather 
the utilization to the very best possible advantage of the 
equipment we have already. For example, the recom- 
mendation of a car-dumping system is not a part of our 
task, though the equipment of a machine with a simple 
guide to facilitate feeding, or the use of a better grade 
of steel in wearing parts, or the recommendation of an 
automatic stop for saving time, occupies a very important 
place. In other words, the expected return must be much 
greater than the outlay for any expenditure of money to 
deserve a place in recommendations based on time study. 

In the same manner, the standardization of produc- 
tion involves the standardization of personnel, and this 
phase shares equally with equipment in the attention of 
the time study man. 

The second aim mentioned for time study, that of 
offering suggestions for improvement in practice, seems 
at first glance a rather bold statement. When a com- 
paratively green man sets out (and in such a highly 
technical industry) to offer suggestions to men who have 
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spent their lives in the work, it necessarily brings forth 
some skepticism and occasionally hostility, the combating 
of which demands a prodigious amount of tact. Neverthe- 
less, many suggestions of real value are received in this 
way. Very recently such a thing happened in a mill which 
uses a great many finely made dies. Until recently these 
dies were bought outside. Then for some reason it be- 
came impossible to obtain any more and we were forced 
to start making our own, whereupon all the trouble began. 
Production dropped far below standard, and men and 
management became dissatisfied. The mill personnel ad- 
mitted themselves baffled. One of our time study men 
managed to get hold of a piece of the defective work 
along with the die which made it, and by close examina- 
tion and comparison with a standard die, the trouble was 
located and is now being remedied. 

But perhaps of even greater importance than original 
suggestions are those ideas gleaned from the men who 
actually do the work. These are the ones who know 
most minutely and forcibly the details that need correc- 
tion. They have the advantage of being in constant and 
intimate contact with their jobs, but lack the education, 
the freedom, the perspective, or the expression to change 
what they know to be wrong. The management, on the 
other hand, has most that the workman lacks, but due to 

this very fact it cannot stay in very close touch with de- 
tails. The time-study man fills the well-defined gap be- 
tween these two. He stays in as close contact with the 
work as do the workers themselves. He makes friends 
with them, spending an hour, if necessary, in talking 
about the weather in order to coax them to talk about 
their jobs. He must sort out the good ideas from the bad, 
and then present them (always giving due credit) to the 
management as concisely and forcibly as possible. 

In addition, both management and men labor under 
one disadvantage which does not trouble the time-study 
man. This is that they are accustomed to seeing things 
as they are and have been—a sort of mental inertia which 
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is often the cause of enormous industrial crimes. The 
efficient time-study man goes on a job with the assumption 
that everything is wrong until proven right, being very 
careful, of course, not to let anyone else suspect his atti- 
tude. It is surprising, sometimes ridiculous, what mal- 
practices have been discovered in this way. 

We will now take up in detail some concrete examples 
of standardization of practice through time-study. 


Open-HeartH DepartTMENT 


This department is almost entirely technical. There- 
fore, if any beneficial results can be obtained here, it is 
safe to say that the same should be possible in any branch 
of the steel industry. Such results have been actually 
obtained, though to a less extent here than elsewhere, it 
must be admitted. In the less technical aspects of the 
open-hearth, however, much more has been accomplished. 

The method of attack was to keep a minute log of the 
furnaces together with all auxiliary equipment which 
might affect their output. By this means were uncovered 
many delays, mostly mechanical, which were then ana- 
lyzed and traced to their sources. The greatest delay 
was found to be on the charging machine. Analysis in- 
dicated : 

1—Insufficient inspection. 

2—Design of controllers too flimsy. 

The furnace personnel knew, of course, that these 
faults existed. The management knew also; but they did 
not have the specific information as to how many minutes 
per day were lost, and what was the exact nature of the 
trouble. 

There are regular channels for the correction of 
mechanical defects, but, due to the mental inertia referred 
to above, such channels are not always utilized to the 
best advantage. A very striking example was found ina 
controller on a hoist in this department. The arm would 
travel too far and the contact fingers would catch behind 
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the last segment, making it necessary to jerk out the 
switch quickly to avoid a serious collision. It would have 
required, perhaps, ten minutes to correct it; yet during 
our two months’ study, and no one knows how long before, 
it had remained an element of delay and danger. 

The following are some of the other faults which were 
brought to notice during the same study: 

1—Hydraulic equipment sluggish, due to clogged pipes 

and worn pistons. 

2—Hixposed hydraulic piping, often broken by falling 

serap. 

3—Leaks in building roof, directly over furnaces. 

4—Scrap pans badly stocked. 

d3—Powdered coal burners too fragile and too hard to 

clean. 

6—Various equipment, valves, ladle stands, motors. 

ete., insufficiently protected. 

Steps were taken to correct all of these conditions in 
accordance with the recommendations. With the excep- 
tion ofa few which have since become obsolete, they are 
stillin use. The needs were apparent to the most casual 
observer, and the methods of procedure were compara- 
tively simple. The only explanation we can offer for 
such a state of affairs as existed is the inertia, as men- 
tioned before, of personnel who had become accustomed 
to it. 


Bioomine Mini 


This department is less technical than the open- 
hearth, and the results of time-study have been corres- 
pondingly more specific. The same sort of study was 
made on the rolls, and an enormous loss appeared due 
to faulty heating. Curve 1, Figure 1, shows what was 
happening. Early in the morning the steel was over- 
heated and rolled very easily, quality being sacrificed 
thereby. During the course of the day, the steel became 
continually colder and the minutes per ingot rose rapidly. 
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The recommendations based on the study were: 
1—Equip all soaking pits with efficient air-control. 
- 2-Install water-cooled division walls. 
3—Charge ingots differently so as to place 12 to 14 
ingots in each pit, instead of 10. 

These recommendationsywere all carried out and are 
now being used. In addition the mill management, sur- 
prised at the conditions shown in the study, began to 
take vigorous steps to improve general heating practice. 
The result is shown in curves 2 and 3. (The only quality 
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of ee curves to be considered here is their average 
slope. Their relative height depends on other conditions, 
some of which will be explained later.) 

The study further showed that four men in the mill 
could be eliminated by combining jobs. The first set was 
the door-boy and the ingot car operator. Both of these 
were idle the greater part of the time, but the pit doors 
had to be closed at the same time that the ingot car 
started off. The door-boy might be at any one of four 
places, while the car operator was always at one place. 
The suggestion involved the installation of four levers 
for the latter, all on the same shaft, but each beside one 
of the door controllers, by which arrangement it is a 
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simple matter for one man to operate the two jobs simul- 
taneously. 

The second pair to be combined were the jobs of the 
ingot transfer operator and the soaking pit crane helper. 
Studies on these men gave the following results: 


Busy Idle Away Total 
Transfer Operator 187.60 669.41 18.71 875.72 minutes 
Crane Helper..... 213.43 613.09 136.62 963.14 minutes 


Both men were essential to the operation of the mill, 
though each was busy only about 22% of the time. One 
was stationed upon an inaccessible platform so that he 
could not change quickly enough from one location to 
another, but a stairway in the position was recommended 
as a simple means of overcoming this difficulty. 

A similar case was found in the flying-shear serap 
laborer and the cooling bed operator. The distribution 
of their time was as follows: ; 


Busy Idle Total 
Scrap Laborer......... 210.51 865.85 1076.36 minutes 
Cooling Bed Operator... 719.48 452.61 1172.09 minutes 


Neither job was very arduous, and they were so dis- 
posed as not to conflict. This combination likewise in- 
volved the moving of three controllers to a more con- 
venient location. 

The fourth man eliminated was one of two extra pul- 
pit men. This one had been put on during the boom 
which followed the war, while men were demanding easy 
jobs. He had been kept on through the same sort of 
inertia which has been mentioned before. 

On one occasion, it was suspected that the mill was 
being retarded by a green man in the pulpit crew. Since 
there were three men working in pairs, no studies could 
be made on this man individually. They were therefore 


made on the various pairs as follows, ‘Q”’ being the 
green man: 


Crew Minutes per Bloom Turns 
Ingot in Rolls | 
A and B..o ick, se 2.25 3 times 
B and ©. pecan cctv oee 2.46 15 times 
Aand ©... adhe ted et ee 2.43 10 times 


Pwbto sant om aeee 
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On the strength of this data, ‘‘C’’ was replaced by 
another man, ‘‘D,’’ with the following results: 


Grew Minutes per Bloom Turns 
Ingot in Rolls 
GEOG MS Bot Nae Sel nn eee a 2.01 7 times 
I 1.98 5 times 
OS PUTED 9 Be es 2.05 4 times 


The averages of these sets of data are the ones plotted 
in curves 2 and 3, Figure 1. The curves show a difference 
due to better condition of equipment, while the tables 
above give comparative results on personnel. 

It may be mentioned in passing that this is the only 

occasion when a man was discharged on evidence gained 
from time study. There are times when it would be con- 
venient to employ it thus, but the moral effect of a man’s 
knowing that he is liable to be fired as soon as the study 
is Over, we believe, would defeat to a large extent the 

_purposes of the study as already outlined. We have 
therefore made it a fixed policy that no man is even to 

’ be reprimanded on information gained through studies 
on himself. 


MercuHant Bar WAREHOUSE 


In this department the time element is not the first 
consideration. Of greater importance are space and 
accuracy, and it is to a large extent with these that most 
of our standardization work has been concerned. 

A great many complaints had been coming in due to 
errors in counting bars. On investigation, it was found 
that these bars were sheared in varying numbers per 
stroke and counted by laborers. The process therefore 
was entirely mental, and was done by men from whom no 
great accuracy could reasonably be expected. This con- 
dition was remedied, first, by standardizing the number 
of bars to be sheared at a stroke, and second, by equip- 
ping the counters with proper registers. The process is 
thereby made almost entirely mechanical, and the ac- 
curacy has been correspondingly increased. A further 
refinement proposed in this connection is to mount the 
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gaging table on hinges so that the bars can be dumped 
after each shear stroke. By attaching a register to the 
table, the human element will be practically eliminated 
and one laborer will then be able to operate the table, in- 
stead of two as at present. 

The scrap loss was found to be unnecessarily high, 
due to the following causes: 


1—Lack of proper planning of most economical com- 
binations of bar to be cut from a given length. 

2—Sluggish operation of cooling bed, due to defective 
lubrication. 

3—Bar dumped from cooling bed at too high speed. 

4—Large bar rolled from billets so small that the aver- 
age length left over is too short to use. 

5—Stock length for bar was not a multiple of the 
most popular lengths. That is, bar was sheared 
55 feet long for stock, whereas 20 to 40 feet 
were by far the most popular lengths. Forty — 
feet was therefore recommended as the proper 
stock length. 


In all the above cases, the bare fact of finding where 
the trouble lies is all the warehouse needs, and steps are 
now being taken to correct the faults. Bars were ob- 
served, sheared at a high temperature. The contraction 
in cooling amounted in some cases to four inches—a fact 
which surprised everyone. 

The greatest problem in the warehouse was one of 
gaining sufficient space for the stock carried. The pro- 
ject of extending the building was under discussion, but 
we now believe that it will be unnecessary. Instead, a 
system of racks was designed, made of rails set upright in 
the floor. Hach rack is wide enough for one bundle of 
stock and deep enough for ten bundles. Previous to the 
study, bars had been piled not over four bundles deep, 
with rails betweeen layers in order to slip chains through. 
The rails are unnecessary with the racks, because each 
bundle will have three slings of scrap steel cable left on 
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it until finally used. This alone nearly doubles the stor- 
age capacity in addition to reducing the labor of hook- 
ing up bundles. 


Hoor Mitus 


An interesting state of affairs was shown up by time 
studies on the rolls and roll-hands on different sizes of 
hoop. A summary of these studies follows: 


TEN-INCH HOOP MILL (ALL TIME GIVEN IN DECIMALS OF A MINUTE) 


Rougher (Down Side) ane 


Product iran TS leek esd oe ge ee aE 
ng ishing acl 
SaiPas 3d Pass} Idle Busy Idle 


134"x10 | .054 | .171 | .064 | 7188 | .131 | .082 | .001 | .110 | .115 
134"x17 | .138 | .140 | .102 | .161 | .143 | .088 | .038 | .116 | .148 
174"x18 | .138 | .104 | .118 | .100 | .106 | .080 | .016 | .109 | .079 
\ xd7 >) 120 | 03T / tL Usa a OF B/S) Fee R .008 | .133 } .011 


(“R”—repeater used to handle this pass.) 


A study of these averages revealed the fact that on 
all sizes of hoop the down-side rougher was busy almost 
continually. On the larger sizes, however, any other part 
of the mill could handle from fifty to one hundred per 
- cent more. The examples given (up-side rougher, and 
finishing and planishing rolls) were those parts which 
had most to do. 

From this it appears that the mill production is limited 
by the speed of one man, the down-side rougher. The 
remedy for this was to split his work between two hands, 
one to handle the first and second passes, and the other 
to handle the third. 

An idea of what would occur may be gained from the 
last line, taken on smaller hoop. In this, the ‘‘third 
pass’’ was handled by a repeater, and an examination of 
the various parts shows that they were almost perfectly 
‘ balanced. This condition was actually brought about on 
larger sizes by the means suggested. The billet heating 
furnace then became the pacemaker of the mill, which 
alone shows that the practice was improved. 
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Resuuts In Wire DEPARTMENTS 


Our barbed wire mill is the most perfectly standard- 
ized department of our plant. So thoroughly have the 
various styles been studied that it is now possible to set 
accurate standards on any new style without taking fur- 
ther time studies. If it is found impossible to attain any 
standard, we would expect to find some condition wrong 
in the mill itself. 

Our production department recently received a re- 
quest from this mill to lower the standard on a certain 
style of wire, since they considered it unreasonably high. 
This standard had been in effect for six years, and we 
were unwilling to lower it without a very thorough in- 
vestigation. It was developed that although the men 
were working consistently, the machine speed on this 
size was only 215 R.P.M., whereas our former studies 
showed 235 R.P.M. Tracing this to its source, it was 
found that a smaller pulley had been put on the motor for 
making war wire, and had since been forgotten. A larger 
pulley was substituted, and there has been no difficulty in 
making standard. 

This is an excellent example of the value of standards 
in giving warning of the existence of improper conditions. 
There was no one in the entire plant who remembered 
this change, and had it not been for our previous studies 
and the standards, it is doubtful whether the pulley would 
ever have been replaced. 

Next in completeness of its standardization is our field 
fence mill. In 1916 it was thoroughly investigated by our 
production department, and standards set up for each 
style. For one particular style, a standard of 46 rolls 
per day was inaugurated and bonus payment started on 
that basis. In 1920 we suddenly awoke to the fact that 
our production on this style was averaging 30 rolls and ° 
the others were correspondingly low. The machine oper- 
ators, naturally, were making practically no bonus. A 
series of studies was immediately begun, and showed a - 
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general average as follows (the results of two previous 
studies are given for the purpose of comparison) : 


| 
1920 1916 1914 


Minutes | Per Cent | Minutes | Per Cent | Minutes | Per Cent 
Operating delays... 1588 TE.6 472.15 A EG 221 10.1 
Die trouble Bore 2° ae 2603 19.0 343.10 11.3 678 31.8 
Mechanical delays.| 2150 15.7 | 322.87 | 10.6 175 8.0 
Inattention of help.| 1511 i Mate: 269.78 8. 
Total delay....... 7852 57.3 |1407.90 46. 


Total operating 
time............| 5837 | 42.7 [1640.94] 53.8 868 | 39.5 
From these results, it will be seen that the operation 
in 1920 was much less efficient than in 1916. It was also 
less efficient than in 1914 (before bonus was begun) since 
_the item of die trouble had been so materially reduced by 
simplification of dies. ; 

Further analysis of the 1920 results shows a de- 
crease in operating delays, as is natural in view of the 
decrease in net operating time. All other delays had in- 
creased. The greatest increase was shown in the two 
classes due to the condition of the machines, namely, die 
and mechanical trouble. It was believed that practically 
the entire cause. was to be found here, since with machines 
in such poor condition bonus incentive to the personnel 
was practically eliminated. 

This state of affairs was remedied first by instituting 
a systematic campaign for putting all machinery in first- 
class condition. Next, the influence of the mill manage- 
ment was brought to bear on the machine operators and 
helpers. These, as soon as they found that production 
and bonus were dependent upon their own effort, were 

not slow to respond, and it was not long before the mill 


was making standard. 


Resu.ts In OrHerR DEPARTMENTS 


Repair shops in general do not lend themselves very 
readily to standardization of output, the reason being, of 


e 
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course, that a job may not recur once in a year or more. 
We have gained some satisfactory results, however, in 
standardization of conditions, and it is these which will ~ 
be discussed here. 

The studies showed that our machine tools were eut- 
ting at from one-fourth to one-eighth of the Taylor rate. 
The reasons were: 


1—Lack of instructions. 

2—Machines in too poor condition to stand fast cut- 
ting. 

3—Tools improperly tempered, due to lack of heat- 
treating facilities. 


To remedy the first, forms were drawn up to be used 
as instruction cards for all jobs. These have never been 
adopted, and we are not sure that they would prove prac- 
ticable, on account of the wide diversity of work men- 
tioned above. In any other place than a repair shop, it 
is certain that they would be helpful, and even here we 
believe the experiment would be worth trying. 

For the second, we could only recommend that a num- 
ber of machines be thoroughly overhauled, and this was 
done as soon as their condition was brought to the atten- 
tion of the management. 

The third condition is one which has been met with in 
every department of the plant. Tool steel is used every- 
where, and the evidence of enormous losses due to hap- 
hazard methods of hardening has been consistent and 
conclusive. It is only recently that proper provision has 
been made to overcome this waste, but marked improve- 
ment is now evident. 

Another cause of inefficiency in our machine shop was 
found to be the lack of proper small equipment and tools 
for the machines. There was recorded a delay of two 
hours and five minutes on a milling machine waiting for 
an arbor to be repaired. Another man spent seven hours 
during a gear-cutting operation trying to adapt an arbor 
to cutters which it did not fit. Such a delay would be 


: 
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almost unbelievable if we did not have the stop-watch 
readings before us. The particular job may never be 
done again, but the general conditions revealed by the 
study have been invaluable. 

There were several flaws discovered in our cost keep- 
ing system during the same study. One of these was 
that it was not minute enough for certain purposes. As 
a result, we were making our own cold chisels at $1.73 
each, whereas they could be bought for $1.45. A similar 
condition obtained in the case of sledges and other tools. 
It was recommended that the cost of such articles be kept 


- more accurately, that frequently comparison was to be 


made with current market prices and that we buy outside 

if we were not able to make them at least as cheaply. 
Incidentally it was found that the cost of heating cer- 

tain work in the forge shop was as great as the labor cost. 


TABLE A—SHEARING SCRAP RAILS 
Analysis of number of shear strokes lost from various causes 


a ion Q Be 4 oO ¢ ~ 8 B m 

BE o.2 am 3 a, > Zz 3 
elws|ai2 |2e| G2 | 45 | 22|Sslacl cele. | 3 
= |23|2|3|22|es| 22] $2 | 32 |82| 82 | sa] 2 
3138/8 | 22| ge | 22] 28] 68| 26 |88| a8 | a2] 5 
49 | 164 | 27 46 4 18 8 Ee ett al ee 65 | 310 99 
24 15161. 2 4 24 50 16 eA Sete DAVE) 3 157/ Silane 
Dit 170.) 14 42 69 12 20 BN paths aco es. core 25 0) all aes 
26 | 160 | 22 57 32 48 o Te lkebweealist ees Zh OS awe 
26 | 197 | 13 44 oi we, 0 Atos | cee 26 | eames 
23 | 165 5 39 22 4 # aba peers Ie wear 27 GGElisicshens 
60 | 228 | 25 67 11 15 v6 A Oy Wo bes vn COM dG ine 
37 | 101 4 41 Be 39 43 C9 ll | ee 2 63uleZo2nheaae: 
DOA 1687116 45 24 Dido de ath 8 Leh 1 pe SAr W261 ea 
22 1) 126 2 38 16 57 10 10 14 | 34 Zale 4 Jia lee eee 
GHW lita ef 2 35 3 6 8 19 DAT lone. eo eke 33 
20:1) 113 5 24 16 10 8 18 63 26 | 194 47 
22 | 169 | 34 32 14 il lf 28 2 31 260 3 
SO j157 131 48 18 25 17 ily 10 44 | 250 3 
23 | 124 8 36 13 94 |: 26 e 31 | 48 35 | 124 5 


Total 
426 3320 235 | 635 | 349 | 408 | 190 | 187 | 149 | 96 | 550 [2679 | 190 


Cent ; 
Perl o9 O5l2.04 7.95| 4.37) 5.11) 2.38 2.34] 1.87|1.18]) 6.89/33.54) 2.38 


ee 
Of the total number of strokes (7988) the delays (5668 strokes) amounted 
to 70.95 per cent. 
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No individual charge was made for heating, however, so 
that our costing would show many articles to cost only 
half of the actual figure. To remedy this, it was recom- 
mended that our heating furnaces be charged to a job on 
a service card, the same as labor. 

Another service department where considerable in- 
efficiencies were uncovered was the Yard. Table A gives 
a time study on a piece of its equipment, a heavy shear 
cutting scrap rail. The timing was done here without a 
stop watch, the unit of time being a shear-stroke. The 
effective cutting strokes amounted to 29.05%, all the 
others being lost. Some loss was unavoidable, particu- 
larly that occurring while disposing of the last end and 
pulling up a new rail. There was a great amount of un- 
necessary loss, however, due to lack of proper guards. 
The practice was to shove the rail into the jaws, Jump 
out of the way, and then return and pick up the rail, which 
usually had fallen entirely off the feed rollers. A set of 
effective guards could easily have been devised to elimi- 
nate the delay of picking up, as well as reduce the ele- 
ment of danger. The losses due to lack of these guards 
alone were as follows: 


Rails jump backward... fs... sys oko oe 7.95% 
Rails jump forwardicis) 0: sic; oe ee ee 4.37 
Rails slide-out Of jaws. 6d cxs hdc odeke al 5.11 
Rails eatight.on blade. 4.0. ck « bees 0 clu ee 2.34 
19.77% 


This case illustrates one of the fine points of efficiency, — 


namely, the possibility of producing more with the same 
effort. It can be readily seen that a great deal of addi- 
tional rail could have been sheared with the effort use- 
lessly expended in picking up that which had fallen 
away. 

The last example we wish to present is one phase of 
our storeroom, namely, the casting yard. The time ele- 
ment likewise plays no part here, but the attempts at 
standardizing material have proved so successful that 
they are worth outlining at some length. 


a) ore 
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Our stock of spare castings had grown, very much at 
random, from a few pieces to a matter of a half-million 
pounds. The methods of keeping track of them had not 
been correspondingly developed, so that we had a large 
quantity of material and no records of it beyond an 
approximation of the gross weight and what little the 
storeroom personnel were able to remember. 

Moreover, castings were ordered whenever needed by 
anyone of a dozen different authorities, most of whom had 
a liking for ordering in round numbers. That is, if one 
of these persons needed six pieces, he would order ten or 
_ adozen. The surplus would go to the casting yard, where 
it might remain indefinitely or not, according to the na- 
ture of the job. On the other hand, there was no cer- 
tainty that a vital part would always be found in stock, 
this depending on whether one of the dozen authorities 
had happened to foresee the need. 

The yard itself was in bad shape, there being a great 
deal of used or obsolete stuff mixed in, with no means 
of separating it. Castings for the different departments 
were not kept separate, and many were piled on each 
other so badly that it was impossible to take a correct 
inventory. 

Our first step was to take an approximate inventory. 
From this, a plan was drawn up of the yard, and sufficient 
space allotted to each department for its stock. All scrap, 
obsolete, or second-hand material was moved out, and 
the rest rearranged in accordance with the plan. A vast 
amount of detailed work was necessary in making sure 
of the names and numbers of the various castings, but we 
persevered until our doubtful list contains only about 
two tons. Then, an accurate inventory was taken, and the 
results placed on standard storeroom ledger sheets. 
Castings are now handled like all other material. It is 
possible at any time to know exactly what we have on 
hand, the name, number, material, etc., and all this is 
done with no more work than was necessary under the 
old system. 
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An incidental advantage gained from these records 
is our ability to catch stolen castings. What our loss 
from this source was before we cannot guess. But since 
the installation of this system, a number of castings have 
disappeared without requisitions being given, and have 
been traced through the complete information on our 
ledger sheets. 

In addition to this, there has been worked out a stan- 
dard quantity of castings to be carried in stock at all 
times. Many which we have on hand have been elimi- 
nated entirely, it being assumed that these will be ordered 
in exact quantity as needed. The process of ordering is 
now very simple. ‘‘Stock castings’’ are ordered by the 
storekeeper as soon as the quantity on hand drops below 
a fixed quantity. Other castings can be ordered only for 
particular jobs, and in exact quantity needed. 

The following figures will indicate what the tendency 
has been: 


Weight of castings on hand, Jan. 1, 1922............ 480,000 Ibs, 
Weight of castings on hand, Jan. 1, 1923............ 390,000 Ibs. 
Weight of castings on hand, Apr. 1, 1923............ 299,070 lbs. 
Weight of castings on stock casting list.............. 105,600 lbs, 


We wish to emphasize- the fact that no hardship is 
worked upon any department by this reduction, because 
more necessary castings are carried than before. The 
only ones that have been eliminated are those which are 
not particularly vital to continued operation, or which 
had been piled up in excessive amounts. The last figure 
is the weight towards which we are reducing, in other 
words, the standard. It may take many years to reach 
it, for of course we are not actually scrapping material 
which may some time be used, and some items had been 
piled up sufficient to last for twenty years. Nevertheless, 
this serves as an ideal, and its value is shown by the sub- 
stantial reduction in the present tonnage over those pre- 
ceding. 

In summary, we may say that our standardization 
work has paid back all that it cost plus a good profit. Not 
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only has it paid, but it has done so under conditions about 
as adverse as could be imagined. One of these adverse 
conditions has already been discussed—the very exacting 
requirements of the steel industry. 

Next in magnitude has been the attitude of many of 
our personnel in the past. It is only human for a man 
who has fought his way to a position of responsibility by 
hard work to resent any seeming interference with his 
authority. In the early days such opposition occurred 
often and violently. Gradually, as we were able to con- 
vince them that we intended no immediate harm, their 
attitude became one of passive acquiescence. This was 
“as bad as the first, however, for any time study work de- 
mands not only the assent, but the enthusiastic support 
of the line executives in order to be successful. 

Just following the class room work previously men- 
tioned, we began to receive requests for the services of 
our time study men, in many cases from those who were 
formerly the most rabid in their opposition. This we 
regard as a great moral victory for the work. No effort 
is spared to cultivate such a spirit among our operating 
departments, for it is the pivot upon which all our results 
must hinge. 

There are other circumstances which have hindered 
us—the War and its ‘‘hang-the-expense”’ spirit, the sub- 
sequent depression with its lowering of the morale of 
line and staff alike, and many smaller disturbances. But 
on the whole, it has been worth while; and since we have 
no reason to expect any more such serious hindrances 
for some time to come, we are going to bend every effort 
toward bringing the work of standardization to the high- 
est possible degree of perfection. 


Tren Carman (Mr. C. M. Schwab): Mr. Waldemar 
Dyrssen will read a paper on Gas Producer Practice in 
Steel Works. 


GAS PRODUCER PRACTICE IN 
STEEL WORKS 


Wawpremar DyrssENn 
United States Steel Corporation, New York, N. Y. 


So much has been written about gas producers, and 
so many investigations made in the principal steel manu- 
facturing countries of the world, that it would seem that 
the gasification of coal would be fully understood and that 
it would be a difficult task to bring up any new points of 
scientific and practical importance. However, in study- 


ing gas producer literature published during the last’ 


twenty years, one cannot help discovering that the data 
given are unsatisfactory in many respects, especially in 
regard to theory. 


Laporatory EXPERIMENTS 


The now classic experiments by Boudouard, regard- 
ing the balance of the system C, CO and CO,, and by 
Harris and others, regarding the system C, H.O, H, CO 
and CO., cannot be directly applied in gas producer 
practice. This has been pointed out many times, for in- 
stance by Clements, Adams and Haskins*, who conducted 
a series of laboratory experiments with CO. and H.O in 
contact with various kinds of C at various tempera- 
tures, velocities and times of contact. They found that, 
when time of contact was reduced to two or three 
seconds, only a very small portion of CO, or H.O were 
decomposed at 1700° to 1900° F. At these temperatures, 
practically complete decomposition would have been ob- 
tained at equilibrium or at long time of contact. They 


@ ae No. 7, Bureau of Mines, Essential Factors in the Formation of Producer 
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found also that C as coke or anthracite reacted very 
much more slowly than C as charcoal. 

These investigators came to the result that a minimum 
temperature of 2372° EF. (1300° C.) would be required in 
gas producers for producing low CO, gas from air, and a 
temperature of 2557° F. (1400° C.) for decomposing 
H,0 fairly completely at a gas velocity of one foot per 
second. We know that such high temperatures do not 
exist in ordinary gas producer practice, because practi- 
cally all ashes from ordinary producer coal fuse at a 
considerably lower temperature. Actual measurements 


- have shown that the maximum temperature anywhere in 


the fuel bed does not exceed 2200° F. in ordinary pro- 
ducers blown by air and steam. Moreover, the velocities 
in ordinary producer practice are very much higher than 
the highest velocity employed in the laboratory tests. 

The gas produced per pound of C gasified by blast 
in a producer is about 90 to 95 cubic feet at standard 
condition, at a gasification temperature of 2000° and 
1800° F. respectively (see Fig. 8), or about 425 cubic 
feet at these temperatures. Assuming that, in the case 
of ordinary coal, 60% is C gasified by blast, and that the 
gasification zone is one foot deep and that the voids in 
the bed constitute 25% of the total volume, the following 
velocities and time of contact can be calculated. The 
time of contact is, therefore, only a fraction of a second 
in ordinary gas producers in practice. 


TaBLE 1—GAS VELOCITIES AND TIME OF CONTACT BETWEEN GAS AND COAL 
IN THE GASIFICATION ZONE FOR LOW AND HIGH RATE OF GASIFICATION. 


Coal gasified per hour per square foot in pro- 


LICE ASE TE REE, eon oat cece aieeeetes one 20 pounds 50 pounds 
Velocity of gas per second.................| 5.7 feet 14.2 feet 
Time of contact between gas and coal...... .176 seconds .07 seconds 


It follows that such tests as these cannot be applied 
to gas producers any more than the classic equilibrium 
tests. A few considerations of the conditions in the 


98 AMERICAN IRON AND STEEL INSTITUTE, MAY MEETING 


laboratory experiments will readily explain this. The 
center of the tube, which was electrically heated from the 
outside, was filled with carbon and a thermo-couple was 
imbedded in the carbon close to the tube. Pure CO, and 
H.O were employed. In decomposing these gases with C 
a great quantity of heat is required, even if the gas were 
heated up to the temperature of the fuel before coming 
in contact therewith. This heat must be supplied by con- 
duction through the tube walls and through pieces of car- 
bon to reach into the center of the tube. At a very low 
velocity this heat can be supplied without appreciably 
lowering the temperature, but when the velocity is 
increased, the temperature of the surface of the pieces 
of carbon or the reacting molecules of C is lowered an 
unknown amount below the recorded temperature. In a 
producer, the conditions are entirely different. There, 
each reacting molecule of C is automatically maintained 
at a constant temperature, because the heat required to 
decompose a molecule of CO, or H.O is supplied by a 
nearby molecule of O, oxidizing C to CO, or CO. Labo- 
ratory experiments in order to be of any value must, 
therefore, be conducted on the same principle; that is, 
CO, and H.O must be mixed with a certain amount of O, 
with or without N, and forced through a carbon bed at 
different velocities, and the resulting temperature and 
gas composition determined. For each constant blast 
mixture, there will be a certain temperature and compo- 
sition of gas, corresponding to a certain velocity. By a 
series of experiments with various blast mixtures, a 
complete balance diagram can be obtained for various 
velocities. 


Heat anp CuEmicat BaLANcE In Propucers 


In the absence of such experiments, the only method 
at present available to determine the balance in ordinary 
gas producers is to draw conclusions from actual tests 
on producers or from actual practice. The tests which 
show the best gasification results give, of course, the 
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Fig. 1—Composition of gas by weight in system C, CO, COz at various 


temperatures of gasification. 


, H.0, H, CO, CO: at 


various temperatures of gasification. 


Fig. 2—Composition of gas by weight in system C 


100 AMERICAN IRON AND STEEL INSTITUTE, MAY MEETING 


best information. It can be assumed that the fuel bed 
in these tests was more even in temperature, freer from 
blowholes and otherwise more uniform, that is, in re- 
gard to the size of the coke or the coked coal and the per- 
centage of voids in the different parts of the fuel bed, 
with more uniform distribution of blast and more uni- 
form velocities. However, by carefully sifting data from 
other tests, much valuable information can also be ob- 
tained. The balances that exist in a producer are repre- 
sented in Figs. 1 and 2. They have been derived by con- 
sidering a great many gasification tests of various bi- 
tuminous coals and coke. The equilibrium balances are 
also shown in dotted lines. These represent the average 
results from the investigations mentioned above, and 
from others (Naumann and Ernst). 

The method of representing the balance is somewhat 
novel. Instead of the usual method of representing the 
gas in volumes or percentages of volume, the resulting 
gas is given in per cent by weight. This is more practical 
for the purposes served by these balances in this paper. 

In Fig. 1 is shown the composition of the gas obtained 
from CO, or O. in contact with C at various temperatures. 
At equilibrium the gas contains practically only CO at 
1800° F.; while in gas producers the temperature would 
have to be about 2400° F. for the same result. At equi- 
librium the gas contains, for example, 20% CO. at 1600° 
F., while in producers the temperature must be about 
1900° F. for the same result. If air is used, the gas also 
contains N, but the relation CO. to CO remains the same. 

The gas from H.O and C is shown in Fig. 2. The gas 
is more complex, as it consists of four items. At equi- 
librium the decomposition of H.O is complete at about 
2100° F.; in the gas producer the temperature would have 
to be about 2600° F. At equilibrium the gas contains, for 
example, 40% H,O at 1600° F., while in producers the 
demperature would have to be about 1860° F. for the 
same result. The proportion of CO. to CO is the same 
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as in Wig. 1. The CO, increases up to a certain tempera- 

ture, but decreases at a further increase in temperature. 

The amount of H by weight in the gas is small and can- 

not accurately be read direct in the diagram, but can be 

easily calculated from the oxygen in CO, ane CO, or 

(27 X per cent CO, + .571 X per cent CO 
8 

The gas producer balance, as shown, would theoreti- 
cally shift somewhat with the rate of driving the pro- 
ducer. At the lower rate, the balance would shift towards 
equilibrium and vice versa. However, the shift seems 
to be very small for rates from 20 to 50 pounds of coal 
gasified per square foot per hour. At a very high rate 
or a very slow rate, other conditions set. in, which influ- 
ence the gasification more. 

It is evident from such balances as are shown in 
Figs. 1 and 2 that it is possible to establish heat and 
chemical balances for C gasified by any gas, whether 
air, waste gases, combustible gases, H.O or any com- 
bination of gases at whatever temperature these may en- 
ter the gasification zone. The total heat input should 
equal the total heat output at balanced temperature con- 
ditions in the gasification zone. If such a heat balance 
shows excess or deficiency of heat, the gasification tem- 
perature will adjust itself until balance is reached. The © 
heat input consists of the following items: sensible heat 
in C and ash which arrive in the gasification zone pre- 
heated to the gasification temperature by the escaping 
eas; calorific heat in C gasified; and sensible (and calo- 
rific heat) in the gas used for gasification. The heat out- 
put consists of sensible heat in the gases escaping from 
the gasification zone at gasification temperature and 
calorific heat in these gases. With only dry air used for 
easification it will be found that-theoretically a great sur- 
plus of heat is created at low temperatures of gasifica- 
tion. The surplus heat decreases with higher tempera- 
ture until a temperature above 3000° F. is reached. With 
preheated air the surplus will be greater. With H.O used 


per cent H = 
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for gasification there will be a large deficiency of heat, 
which also decreases with increasing temperatures of 
gasification. With preheated H,O the deficiency is less. 
With waste gases containing CO,, N and often H,QO, the 
deficiency of heat is also large. 

From the balance established one ean derive practi- 
eally everything in connection with the gasification of 
coal; and it will be established that ideal actual practice 
compares very closely to conclusions that can be drawn 
from this balance. 

A few of the consequences that follow from a certain 
gasification temperature are: 


In Gasification of G by Air: 
1. Proportion of COQ, to CO in gas. 
2. Proportion of C oxidized to CO, and C oxidized to CO. 
. Oxygen and air required per pound of C gasified. 
Proportion of N in gas. 
. Total gas obtained per pound of C gasified. 
Heat generated per pound of © by oxidation of C to CO, and CO. 
Sensible heat in gas leaving gasification zone per pound of C gasified. 
Complete heat balance of gasification, including heat per pound of C 
transferred into calorific heat in gas. 
Surplus heat generated per pound of C gasified with due consideration 
for sensible heat in C, ash and in air, if preheated. 


PID Mp 


ad 


In Gasification of C by Steam: 

10. Composition of gas. 

11. Proportion of C oxidized to CO, and C oxidized to CO. 

12. HO decomposed and Hy: obtained per pound of C gasified. 

13. Total H:O used per pound of C gasified. 

14. Percentage of total HyO decomposed. 

15. Total gas obtained per pound of C gasified. 

16. Heat generated by oxidation of C to COs and CO, and heat consumed 
by decomposing H,O per pound of C gasified. 

17. Sensible heat in gas per pound of C gasified. 

18. Complete heat balance of gasification, including heat per pound of C 
transferred into calorific heat in gas. 

19. Deficiency of heat per pound of C gasified with due consideration for 
sensible heat in°C, ash and HzO used. 

20. From the surplus heat available in gasification by air and from the 
heat required in gasification by HO can be calculated the per- 
centage of C gasified by air, and that gasified by steam for ob- 
taining constant temperature in the gasification zone. 


GAS PRODUCER PRACTICE—DYRSSEN 103 


From this follows further, when gasifying C by air 
and H,O at balanced temperatures in the fuel bed: 


21. s C transferred into calorific heat in total gas from air and 

Composition of total gas. 

Analysis of dry gas by volume. 

Air and HO used per pound of C gasified, H,O per pound of air in 
blast and corresponding saturation temperature of blast. 

Efficiency of combustion of gas per pound of C gasified. 

Temperature of gas after passing through distillation zone in gasi- 
fying various coals. 


Sk FSS 


This is an imposing list of conclusions that can be 
- drawn from the curves in Figs. 1 and 2 by simply apply- 
ing well-known recognized methods based on chemical re- 
actions, heat of formations and sensible heat. 

Before entering upon the detailed calculations of the 
items as outlined above, a definition will be given below of 
the expression and terms used. 

Gasification zone is the zone where the pure C, de- 
rived from the coal, is converted into gases by air, H.O 
or other gases supplied from an outside source. 

Distillation zone is the zone where the moisture and 
volatile matters in the natural coal are distilled off as 
gases, leaving C and ashes. 

Gasification efficiency is the heat that is transferred 
into calorific heat in the gas, obtained from the gasifica- 
tion of one pound of pure C, divided by the calorific heat 
in one pound of © (14,544 B.T.U.). The gasification 
efficiency is not the producer efficiency, nor is any ac- 
count taken therein of the volatile matters in the coals. 

Combustion efficiency is the heat that is released by 
the combustion under certain assumed conditions of the 
gas obtained from the gasification of one pound of pure 
C, divided by the calorific heat in one pound of C. This 
efficiency is not based on the calorific heat in the gas it- 
self, but is the ultimate expression of the efficiency of 
gasification, as the aim thereof is to release as much as 
possible of the heat in the C gasified at the place where 
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the gas is burned. Distillation gases from the coal are 
not considered in this efficiency. 

These two efficiencies form a basis for estimating ac- 
curately the influence of (1) various temperatures of 
gasification; (2) various gases that can be used for gasi- 
fying C; (3) various temperatures of the blast. 

In Table 2 are given the values used in the ealcula- 
tions. Gross heat values are also given for completeness. 
United States Steel Corporation Standards have been 
used in this table as extensively as possible. Specific 
heats of gases are from Richards and Le Chatelier. 


TABLE 2—PROPERTIES OF COMBUSTIBLES AND GASES. 


B. T. U. per Weight per roe B. T. U. per 


cubic foot cubic foot of pound Specific heats per 
at 62° F., | per 100/__— CSTs pt between 
30” Hg. cubic 62° F. and t° F. 
Gross Net feet Gross Net 
Ct0'CO' | ant pene Pre vista nen tec Ree eee ee 4320 4520 lv nissan ete aoe 
toi COs ae ere wallace ces si coer co eee eee 14644) 14544 1 eka eee 
OOo eras 323.2 323.2 | .07375* . 03161 4382 4382 .24 +.0000119t 
CoHy....| 1591.3 | 1491.0*] .07386* .06331 | 21545 20186 .38 +.000137t 
CH. a eLOkes5 912.0*| .04228* .03171 | 23948 21571 -55 +.000176t 
Ela Pee 329.1 278: 5: j¢. OOS802%7 f.. 2. et 62028* | 52518* | 3.40 +.00017t 
Ate sts.) Posehn enliete mess «O7626* «bs ca el ip te eee . 233 +. 000015t 
COs ea eomnee des ee 11660* wOSISBV| aici eadee cc -19 +.00006t 
PUP Cee ewe are: para OS480P at v.37. skagline ted eat ceo -21 +.0000104t 
INE crams lis ia mame te oman eee COT BRT Sie Soe ie be ae a ee eae -24 +.0000119t 
aOR iil as oman ier: <a VOST4E a Scene ida: 744 er ere: -42 +.000103t 


Values marked (*) are United States Steel Corporation Standard. The gross and net 
values per cubic foot of H and gross values per cubic foot for CoH, and CH, follow from 
the (*) values and differ slightly from the standard values, which are for these gases 328 
278, 1591 and 1012, el gmc The values for C and CO are closer to the latest accepted 
values than the United States Steel Corporation Standard of 324 B. T. U. per cubic foot 
of CO. +Latent heat. 


In all calculations, net heat values for H, and gases 
containing H, have been used throughout. It is believed 
that a comparison between combustible gases on a gross 
basis is not possible, or at least extremely complicated. 
It is only the heat that the furnace can possibly utilize 
that can form a basis for a comparison between, for ex- 
ample, gas with a high CO and low H content and a gas 
with low CO and high H content. This is realized by au- 
thorities in all countries, for instance, by Bone and 
Wheeler in their valuable gas producer paper*, wherein 


*An Investigation on the Use of St in Gas Prod Pp ice, T 
Iron and Steel Institute, Vol. LX XIII, 1907. A nt ea ee ore 
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Taste 3—CHEMICAL BALANCE IN GASIFICATION oF C By DRY AIR AT 
VARIOUS TEMPERATURES OF GASIFICATION, PROPORTION OF CO, AND 
CO In Gas From Fia. 1. 


Gasification temperature in degrees Fahrenheit 


1600° 1800° 2000° 2200° 
From Diagram, Fig. 1: 
Coe ee | ae a ae 62.0 34.0 15.0 6.0 
CG rine sade ee cc hs 38.0 66.0 85.0 94.0 
Total (Per cent)........| 100.0 100.0 100.0 100.0 
Pounds per pound C gasified: 
OS et ae Sa eee em 1.866 905 3870 143 
ere ages Se 2 1.146 1.758 2.098 2.242 
ING eee ae BF dacs ods sides 6.698 5.pot 4.882 4.615 
BBUF ale teats evs 9.710 8.200 7.350 7.000 
ORR pees. comnts aa sais = Ss 2.012 1.663 1.468 1.385 
INO ee one eee 8.710 7.200 6.350 6 .000 
C oxidized to COz........ .509 247 .101 .039 
C oxidized to CO......... 491 753 .899 .961 


Taste 4—CHEMICAL BALANCE IN GASIFICATION OF C By HO aT VARIOUS 
TEMPERATURES OF GASIFICATION, PROPORTION OF CO, CO, H AND 
H.O In GAs FROM Fig. 2. 


Gasification temperature in degrees Fahrenheit 


1600° 1800° 2000° 2200° 
From Diagram, Fig. 2: 
TTL PAS sect cy ora shen 18.6 17.0 10.5 5.0 
CO in gas. 11.4 ABV 59.5 78.3 
BERS AS eg hoses eotato nee 2.5 3.9 5.2 6.05 
RAO AM PAR oo ee tacit. as nee 67.5 46.1 24.8 10.65 
Total (Per cent)........- 100.0 100.0 100.0 100.00 
Pounds per pound C gasified: 
COs. cf : us Papchs tates E Saha 1.866 .905 .370 143 
(CON rec ah iacts 1.146 1.758 2.098 2.242 
LR RAIN. Meee an ty BF 2 aaa 252 .208 .183 173 
130) se Ent eee 6.793 2.460 876 .305 
ROtalie asso ae cecicns & ieksanse 2 10.057 5iaoL 3.527 2.863 
O from HO to COz, and CO. 2.012 1.663 1.468 1.385 
H.O decomposed.......... 2.264 1.871 1.651 1.558 
orale ised 14-24 - 9.057 4.331 2.527 1.863 
ve t of Total H:O de- 
yee a hae 25.1 43.2 65.3 83.6 
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they point out that both gas and coal should be calculated 
on the net basis. 

For convenient use, a few points on the curves with 
the principal items calculated in the temperature range 
most common in gas producers are given in Tables 3 
and 4. 

The detailed calculation of heat balances, ete., will not 
be given here for all the temperatures given above. How- 
ever, for the benefit of those especially interested, one 
case is given in Table 5. The gasification temperature 
selected is 2000° F. 


TaBLeE 5—HBAT BALANCE OF THE GASIFICATION OF C at 2000° F. By pry 
AIR (POUNDS OF MATERIAL FROM TABLE No. 3). 


B. T. U.| Tempera- Specifi Total 
Item | Pounds per |ture above] "Pecine 
pound 2° FF. heat T. U. 


Heat available per pound 


of C gasified: 

Croxidized to 'COs..2 552)... 6. 102 2 |14544. | See ees 1468 .9 
Gioxidized to.COe..2n ieee 809") 482055 eee ee 3883 .7 
Total heat from oxidiz- 

Ig (Te eee ie ee 1 at ee ER a se Bie Sete be go 5352.6 
Sensible heat in C......]...... 1,000) i 1938° | .35 678.3 
Ash with this C, average]... ... s150 7) Poeene 1938° | .30* 87.2 
Total:sensible heaters .] “2 li camons dele 19899 ae 765.5 
‘Total heat;available. 6] (B)0)s. <..ccncl cee n ee 6118.1 

Heat absorbed as sensible 
heat in gas: 
eather Aas eet Pe 4 Yt 1 oe rig 1938° | .31 222.3 
Sia Siothia! Gis esate assets 5 2,098" |. 2.55. 32938? 1.2647 10nses 
Nien (ek ee 6 4882 vee 1938° | .264 | 2497.4 

COC aA Temes oe doll 4 COU ar eee ee 193898 (eae 3793.1 
Surplus heat, Item 3 

roinus Hem Byesss0n} Ba dessngsunle cece cee eee 2325 .0 
Sensible heat in air if 

preheated to 562° F.. Ds KOO OCs || ernie 500° | .239 | 758.8 
Surplus heat with air 

race to 562° F., 

tem 8 plus Item .9. «| 20° [osns.t. che cence ene 3083 .8 
Calorific heat in gas, 14544 
minus Item 1........ LAs sf sed 'xcay etl eee Co ee one 9191.4 


Per cent of heat in C 
transferred to calorific 
heat in gas, Item 11 
divided by 14544. >,.1> 12 }50 yee ee 63 .2 


eee Ea EE 


*Approximate. 


Ttem 8 in this table is the surplus heat per pound of C 
gasified by air at 62° F. If the air is preheated or carries 


ee ee ee 
: 


GAS PRODUCER PRACTICE—DYRSSEN 107 


Fig. 3—Surplus of heat per pound of C 
gasified by air at various temperatures 
of gasification. 


Fig. 5—Percentage of C gasified by 
HO of total C gasified at various 
temperatures of gasification. Blast 
consisting of air and H.O in such 
proportion that balanced temperature 
condition exists in gasification zone. 


Fig. Cues of heat per a 
of C gasified by H.O vapor at various 
temperatures of gasification. 


Fig. 6—Gasification efficiency in gasify- 
ing C by air and H,0 at, various 
temperatures of gasification. 
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sensible heat, the surplus heat will be increased. Item 
10 is the surplus heat with air at 562° F. The surplus 
heat for the various temperatures of gasification is shown 
by curves in Fig. 3. It falls off rapidly with increasing 
temperature. The efficiency of gasification or the calorific 
heat in the gas as compared to heat in C is given in 
Item 12. 


TABLE 6—HEAT BALANCE OF THE GASIFICATION OF C at 2000° F. sy 
H.O (POUNDS OF MATERIALS FROM TABLE NO. 4). 


B. T. U. | Tempera- 
Item | Pounds per ture Specific Total 
pound above Heat Bo TU: 
62°F. 
Heat available, C oxi- 

dized to COz and CO 

same as Item 1, 

Table Syst ota e041 250 Se ale nee ee ae ee ee 5352.6 
Sensible heat in C and 

Ash, same as Item 2, 

Hable San? o Peace 5 eet en ae | ee BESS sabe | ae 765.5 
otal heat: available. .| ..13\°i|+..00cches ae ee eee 6118.1 
Heat absorbed as sen- 

sible heat in gas: 

COs aka nates Oa grate aie 1938° .310 222.5 
CO 2, 00SG| ae tas 1938° .264 | 1073.4 
H tS Sd beg es ye 1938° | 3.740 | 1826.4 
Es) xi eicpycere sr aie ae SOG aera 1938° .626 1062.7 
VORA Ee an ae 1 ead Seen Beene enh 1988 Mii eee 3684.8 

Heat required for de- 

composing H2O..... 15 ASS B25 LS he) weer gee eee 9610.8 
Total heat absorbed, 

Item 14 plus Tiem 15 -16>f.2 ce soos ee eee 13295 .6 
Heat deficiency, Item 

18 minus Ttam 13...) 17” | cnc ov ceks eee TS 
Sensible heat in H.O if 

preheated to 562° F.| 18 | 2.527]........ 500° .478 | 603.9 
Heat deficiency with 

H,O preheated to 

562° : Item 17 

muUnys tent 1B... 29 te. has key cel 3.6 
Raa neat in gas, pi 

tem 11 plus Item 15}, 20. | Todi 2. 4 dee ee 2.2 
Per cent of heat in C 
transferred to calo- 

rific heat in gas, Item 

20 divided by 14,544) 21 |......1........h..0..0cle00--e. 129.3 


; Items 17 and 19 (see Table 6) are heat deficiencies 
with H.0 vapor at 62° and 562° F, respectively. These 
items for the various temperatures of gasification are 
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represented in Fig. 4. The efficiency of gasification is 
129.3%, that is, more heat has been stored up in the gas 
than contained in C, and part of the heat which must be 
obtained elsewhere is used for that purpose. 

A balanced condition in the fuel bed can be calculated 
from the surplus and deficiencies of heat when gasifying 
C by air and H.O respectively and the proportion of C 
that is gasified by either. The surplus heat in gasifying 
by air must compensate the deficiency of heat in gasify- 
ing by H.O. These items are calculated in Table 7, also 
the weight of gases obtained, analysis of the dry gas by 
volume, efficiency of gasification, ete. 

For other temperatures the calculations are the same. 
The principal results are plotted as curves. In Fig. 5 is 
shown the percentage of C gasified by air and H,O 
respectively, at 62° and 562° F. temperature of blast. 
Fig. 6 shows the gasification efficiencies at balanced con- 
dition with blast at 62° and 562° F. The highest efficiency 
lies between 2000° and 2200° F. Below 1800° F. it drops 
off rapidly. 

The composition of the dry gas by volume at various 
temperatures of gasification is given in Fig. 7 for blast at 
62° F. The various components are shown, added to- 
gether to 100%. 

The B.T.U. per cubic foot of dry gas and the B.T.U. 
per pound of © gasified are given in Fig. 8 for blast at 
62° F. Moisture per pound of © gasified is shown in 
Fig. 9. 

The real efficiency of the gas and of the gasification 
can only be judged by considering the conditions under 
which the gas is used, as, for example, in the open-hearth 
furnace. It will be assumed that the gas is preheated to 
1900° F. before entering the melting chamber, the com- 
bustion air to 2200° F., and that the waste gases leave the 
melting chamber at 2900° F. Theoretical amount of air 
and complete combustion will also be assumed. The cal- 


culations for 2000° F. gasifying temperature are given in 
Table 8. 
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Fig. 7—Composition of gas in per cent 
by volume (H:O excluded) from C 
gasified by air and H,O0 at 62° F. at 
various temperatures of gasification. 


Fig. 9—H.O per pound of C gasified 
é at various temperatures 


by air and Hy variot 
of gasification. 
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Fig. 8—Cubic feet and B. T. U. per 

pound of C gasified by air and H.O 

at 62° F. at various temperatures of 

gasification. Also B. T. U. per cubic 
foot of gas. 


Fig. 10—Combustion efficiency of gas 
from C gasified by air and H,O at 
various temperatures of gasification. 
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The last line in this table gives actual combustion 
efficiency. This has been calculated in the same manner 
for other temperatures of gasification and is shown in 
Fig. 10. As would be expected, there is a maximum 
efficiency between 2000° and 2200° F. gasification tem- 
perature, as in the case of the gasification efficiency, but 


TABLE 8—H4AT AND CHEMICAL BALANCE IN THE COMBUSTION IN THE OPEN- 
HEARTH FURNACE OF GAS FROM C GASIFIED BY AIR AND HO. Buast 
TEMPERATURE 62° F., GASIFICATION TEMPERATURE 2000° F. In PRODUCER. 
VALUES PER POUND OF C GASIFIED. 


Temperature Specific Total 
Pounds above eat B. T. U. 
62° F. 
Gas obtained per pound of C 
gasified, see Table 7: 
0 6 eee Mega a = 370 1838 300 204 
COMB coe eee 2.098 1838 262 1010 
ls Gane rete gee ee 045 1838 3.710 307 
ESO) een Sern ee ee 215 1838 610 240 
eiectemrs loa a eer oe ee 3.686 1838 262 1775 
Votaligas nas sce 6.414 1838" Bl ee 3536 
Calorific heat in gaa, Them 26.4) 004. Gea a 11546 
Totel heatan gas. .4i..ccatitac ><. Lee ee 15082 
Combustion air............. 6.750 2138 .257 3709 
otal hout. available... ois...) csc ae bes give desiee abe ee 18791 
Waste gases obtained per 
pound of C: 
Oy cee Sh area ae 3.667 2838 360 3747 
fn saISETA ee ARE Ce 8.878 2838 274 6904 
HiOscky ce eee eee 619 2838 712 1251 
DOUG: cso Sacuak (ee EO ZSSS. FU ete kde 11902 
Heat available in melting 
GH BLODOT.S « £0.46 isa oy notte alic were mean Ee eeep 6889 
Percentage of heat available 
in melting chamber of heat 
in C gasified = 6889+ 14.544]..........)..........h00....... 47.4% 


there is a marked drop of combustion efficiency at low 
temperatures. Whereas the gasification efficiency drops 
from 79.4% to approximately 65.4%, or about 14%, when 
the gasification temperature is reduced from 2000° to 
1600° F., the combustion efficiency drops from 47.4% to 
about 18.4%, or approximately 29%. The combustion 


efficiency of gas made from blast preheated to 562° F. is 
about 4% higher. 
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The results obtained cannot, of course, be directly 
compared with those derived in actual practice from bi- 
tuminous coal, as only the gas derived from gasification 
of pure C has so far been considered. Before attacking 
this problem, it might be well to compare the results with 


gas obtained from coke, as coke has very little volatile 
matter. 


TABLE 9—CoMPARISON BETWEEN THEORETICAL GAS FROM PURE C., ASARRIVED 
AT IN TABLE 7, AND GAS OBTAINED IN PRACTICE FROM COKE CONTAINING 
ABOUT 3% VOLATILE MATTER. THE PRODUCERS WORKED UNDER WHAT 
COULD BE CALLED TEST CONDITIONS. 


Theoretical gas Seven months’ One month’s 


from blast at average analysis | average analysis 
62°F. at 2000° of gas made of gas made 
temperature of from coke from coke 
gasification 

ey ee ee 3.52 3.60 3.40 
12 CORE Soe Ce a a ae a .20 .20 
25 3 Bape eas ee ee 31.55 29 .80 30.70 
EM is CIOS This cx 9.43 10.10 9.70 
EE Ae Ne sb en Oe ee <p .30 .10 
nS ot Mgt RN I hae 55.50 56.00 55.90 
Total (Per cent)...... 100.00 100.00 100.00 
B. T. U. per cubic foot.... 128.10 127.10 127.10 

Lbs. of C per 100 cu. ft... . 1.110 1.066 1.082 
B. T. U. per Lb. of C in gas. 11546 11923 11744 


Table 9 shows such a comparison, with a seven months 
and one month average record in operating a mechanical 
producer on coke, taken from a paper* by W. Reed 
Morris. The analyses correspond very closely. The H 
in the coke gas is slightly higher than the theoretical and 
contains some CH,. The coke used in this run contained 
about 3% volatile matter and approximately 88% F.C. 
The CH, and a small part of the H are derived from the 
volatile matter. If this is taken into consideration, the 
B.T.U. per pound of C in the gas will be practically 
identical with the theoretical gas as derived from balance 
diagrams Figs. 1 and 2. This figure constitutes the best 
means of comparing various gases. In the same paper 
are given two more analyses, which evidently indicate a 


*The Carbonization of Coal with Blue Gas and Producer Gas, read at the 1922 Con- 
vention of the American Gas Association. 
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somewhat lower gasification temperature, of approxi- 
mately 1900° F. The comparison is shown in Table 10. 
This indicates that the diagrams in Figs. 1 and 2 and the 
theoretical considerations are approximately correct. 


Tape 10—CoMPARISON BETWEEN THEORETICAL GAS FROM PURE C AS SHOWN 
IN Fig. 7, AND GAS OBTAINED IN PRACTICE FROM COKE CONTAINING ABOUT 
3.5% VOLATILE MATTER. 


i 
tere gas from blast Coat geen re) Te 


Sateen 7500° F, 2 fixed carbon 
rom Fig. 
1 2 
COs see Sass as Sa aioe 5:1 a ae 
C68 ae ee ee oO: teen 28.7 28.3 
Pge eo iar. ob: tte esters eee mee Le 13.0 12.3 
0) 5 Fee per em ry it rr SRSA ee eho a] 6 
IN ears bie Gio ween ites 54.6 52.8 53.5 
Total (Percent)... 2.2. 100.00 100.0 100.0 


Gas FRoM Brruminous CoaL 


In the calculation of the theoretical gas that can be 
obtained from bituminous coal, the distillation gas must 
be added to the gas derived from pure C gasified by blast, 
as calculated above. The distillation gas is, however, 
not subject to measurements or analysis. It can be rea- 
sonably assumed that it parallels the distillation gas from 
coke ovens and consists of CH,, C.H., H, CO, CO., H.O, N, 
soot and tarry vapors. That the last item forms a very 
considerable part of the producer gas is an everyday ex- 
perience in the production of cleaned, cooled producer 
gas. The method commonly used to calculate the quantity 
of gas from the ordinary analysis and total C in coal is 
fundamentally incorrect. It is not possible to explain 
the presence as fixed gases in producer gas of all the C 
in the volatile matters in the coal. Bone and Wheeler 
found in their tests on Mond gas producers that the C 
in the tar was 6.1% of the total C charged into the pro- 
ducer on coal with a ratio F.C:V.M. = 1.7. In producing 
cool, clean gas in this country, from 10 to 25 gallons 
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(average 15 gallons) of tar are obtained per ton of coal. 
According to the exhaustive tests made by the United 
States Geological Survey at St. Louis in 1904 when pro- 
ducing gas for gas engines, the C in the cleaned gas con- 
stituted about 75 to 80% of the total C in the coals, with 
a ratio of fixed carbon to volatile of 1.25 to 1.75. Part of 
the remainder was lost in the ashes, but a very large part 
was washed away as soot and tar. The higher volatile 
coals showed a lesser recovery. 

We can, therefore, assume that the larger the amount 
of volatile in the coal, the more soot and especially tar are 


produced. All of the tar as well as much of the soot is 


undoubtedly suspended in the gas, at least in open-hearth 
practice, and is burned in the furnace. These constitu- 
ents, as well as the H.O, do not appear in the ordinary 
analysis of producer gas. There is without doubt also 
some fixed carbon created in the distillation zone by the 
breaking up of tarry vapors, which is afterwards gasified 
by blast. From a study of various coal and gas analyses, 
Table 11 has been worked out, as representing average 
conditions in the gasification of two classes of coal, which 
cover nearly all the important producer gas coals in 


TaBLE 11—ESTIMATED AVERAGE BALANCE OF C IN THE GASIFICATION OF 
MEDIUM AND HIGH VOLATILE COALS IN PRODUCERS. PERCENTAGES BASED 
ON ASH AND SULPHUR-FREE COAL ANALYSIS. 


Pittsburgh Coals Indiana and Illinois 
(Per cent) Coals (Per cent) 

amecl Carbone ye. ccs eueese ae ele oo About 63 About 57 
Wolatile matter. occ. cc. jc cs viele About 37 About 43 

BOG ors cle cue een, oooh 100 100 
C in volatile...... 21.0 22.5 
MLA Opeth the ee Ce ce ayes 84.0 79.5 
C in fixed distillation gases........ 11.8 11.0 
Cinnabar AUOISG0bs... oes ks «sas Thee 2 8.5 
(Gr nani ie 2 Oe aie 6 Ree eee 1.0 1.0 
C gasified by blast............-.. 64.0 59.0 

Total C in fixed gases from 

PLOCUCCt ee ett seni ari 75.8 70.0 
Percentage reg <i Ore ee: 90.2 88.1 
C in distillation gases of C gasified 
ER AeG on eae Sere. Ve om is » 18.4 18.65 
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TABLE 12.—AVERAGE COMPOSITION AND QUANTITY OF DISTILLATION GAS 
FROM BITUMINOUS COAL IN GAS PRODUCER PRACTICE. 


Composition of distillation gas by volume (Per cent): 


ne sti ania hiaee abaedye. ora eR Cy os ee 3.0 
CO 70 
Oa a cisings ote ved Seats taeda eee ee 6.0 
OH cn So sie bse eats ane 6 Meee he eee 36.0 
i: Ae ers en NE Ne koh sag 48.0 

Total 2 hc 2s) 5.5% aca eheterte ee 100.0 
BoE is percubie toot.:)2 1. stopec ieee eee 573.2 
G per-100 cubic: feetis, = ao ee eee eee 1.838 lbs. 
B.:T. U.-per pound of C am gas. 5.3 ce ae 31186 .0 
Cubic feet per pound of C in gas..........:......... 54.4 
: .838 x 54.4 
Cubic feet per pound of C gasified by blast pCO ASE 10.0 


See Table 11 100 


TasBLE 13.—ToTraAL THEORETICAL GAS FROM ORDINARY BITUMINOUS COALS 
GASIFIED By AIR AND H,O at 2000° F. TEMPERATURE OF GASIFICA- 
TION. ALSO COMPOSITION OF DRY GAS (H»O EXCLUDED) BY VOLUME. 


Gas from 1 pound of | Distillation gas per | Total gas per pound 
C gasified by blast, | pound of C gasified of C gasified by 
see Table 7 by blast, see Table 12 blast 


Analysis Cubie Analysis Cubic Analysis Cubic 


by volume feet by volume feet by volume feet 

(Per cent)| of gas (Per cent)} of gas (Per cent)| of gas 
Oradea ence 3.52 Bee 3.00 30 3.47 3.47 
CO 31.55 |. 28.43 7.00 70.) 29.10) se20e13 
H 9.43 8.50 | 48.00 4.80 13.29 13.30 
Bar-HO ste BO: OOH See, nee eee re 49.95 50.00 
CA Giron cic aeok toh Sane 6.00 60 60 .60 
iis i's Zia g Ob a eee 36.00 3.60 3.59 3.60 
Otel jes 100.00 | 90.10 | 100.00 10.00 | 100.00 | 100.10 


B. T. U. in gas....| 128.10 | 11546 | 573.20 5732 | 172.61 | 17278 
per | in 90.1 per jin 10.0 per |in100.1 
cubic cubic cubic cubic cubic. | cubic 
foot feet foot feet foot feet 
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America. From this table it is seen that more tar and 
soot are produced from high volatile than from medium 
volatile coals, but the © in the fixed distillation gas is 
about the same as compared to pure C gasified by the 
blast. An average probable composition of the distilla- 
tion gas is given in Table 12 with the exclusion of N and 
HO and the distillation gas per pound of C gasified by 
blast. By adding this gas to the gas from C gasified by 
blast, as previously calculated, the composition of actual 
theoretical producer gas is obtained. The gas composi- 
tion is given in Fig. 11 and the method of calculation for 
a gasification temperature of 2000° F. is given in Table 
13. The composition of the gas represented in Fig. 11 is 
also given in Table 14 for more convenient use. 


. Taste 14.—ComposITION OF TOTAL THEORETICAL GAS FROM ORDINARY 


BITUMINOUS COALS GASIFIED BY AIR AND H.O AT VARIOUS TEMPERATURES 
OF GASIFICATION. 


Gasification temperatures 


1600° F. 1800° F. 2000° F. 2200° F. 
(CARL SGRGA Ae cae fit! ss .60 61 
CIE 5 Sen eee ee 3.05 3.44 3.59 3.67 
(O.6). os eae ae 13.80 23 .22 29.10 31.36 
Le ee PS aa ee ee CEO 15.78 13 .29 TL Hl) 
Total combusti- 
bles(Percent)| 35.06 43 .01 46.58 46.74 
ONO Oe eee 13.80 7.62 3.47 1.56 
MN eee tess ons, Bees os 51.14 49.37 49.95 ole 
Total (Per cent) | 100.00 100.00 100.00 100.00 
Bale U.. per cubic 
Ut ome eee 129.31 158 .87 172-61 174.80 
~’€ in 100 cubic feet of 
eos 1.002 Ibs. 1.121 lbs. 1.182 lbs. 1.196 Ibs. 
B. T. U. per pound C 
in er ; ze Biawlat. 5 12905 14177 14603 14615 


The B.T.U. in the gas per pound of C in the gas form 
an ideal basis for comparing the quality of various gases. 
This has been previously pointed out in the comparison 
of gas from C and coke. In ease of bituminous coals it 
also gives excellent comparisons, if consideration is taken 
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of the ratio, F.C. to V.M. This method of comparing 
gases has therefore been adopted. From the analysis in 
Fig. 11 and Table 14 can be estimated the gasification 
temperature corresponding to an actual producer gas, 
and the B.'T.U. per pound of C in the gas can be compared 
to the same figure for the theoretical gas at the same 
temperature of gasification. The theoretical B.T.U. per 
pound of C in the gas is shown in Fig. 12. For compari- 
son, there are given curves for pure C as derived before 
(see Fig. 8) for coke and coals with less volatile matter 
than ordinary bituminous coals. These curves have been 
calculated by considering the analysis of these coals and 
the distillation gas that is obtained in the gasification 
thereof. 
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Fig. 11—Composition of gas in per Fig. 12—B. T. U. per pound of C in 


cent by volume (H:O excluded) from gas from coals with various ratios of 
bituminous coal gasified by air and F.C. to V. M., gasified by air and H,O 
HO at 62° F. at various temperatures at 62° F. at various temperatures of 


of gasification. gasification. 
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CoMPARISON BETWEEN THEORY AND PRACTICE 


In order to compare a gas analysis with the theoretical 
gas, the following operations are necessary: 


1. Calculate net B.T.U. per cubic foot of gas, standard condition, according 
to usual methods. 
2. Calculate C contained in 100 cubic feet of gas. This is readily obtained 
by the following formula from the gas analysis: 
Pounds of C in 100 cubic feet of gas =.03164 (%CO:+%CO+%CH, 
+2 %C2H4). 
3. Calculate B.T.U. per pound of C in gas from the two previous calcula- 
tions: 
B.T.U. per cubic foot X 100 
Lbs. of C in 100 cubic feet gas 
* 4. Estimate gasification temperature by comparing the gas analysis with 
the theoretical gas in Table 14 and read corresponding theoretical 


B.T.U. per pound of C in gas. 
5. Divide the result from 3 by the theoretical B.T.U. per pound of C and 


the result gives a comparison between actual and theoretical practice. 


B.T.U. per pound of C in gas= 


In Table 15 such a comparison is made. 


Gas No. 1—Average of 12 hour samples for 66 hours 
run on high grade West Virginia gas coal; ratio F.C. to 
V.M. = 1.60, from a modern mechanically poked producer 
with ash zone agitation and automatic ash removal, un- 
der test conditions at a rate of about 47.5 pounds of coal 
gasified per sq. ft. per hour. Quality factor, 99.1. 

Gas No. 2—Average for about five days run on a high 
grade Indiana gas coal; ratio F.C. to V.M. = 1.30, in the 
same producer under test conditions at a rate of gasifica- 
tion of about 33 pounds of coal gasified per sq. ft. per 
hour. Quality factor, 99.2. 

Gas No. 3—Twelve hour gas sample from Illinois coal; 
ratio F.C. to V.M. = about 1.55, from the same producer 
at a gasification rate of about 48 pounds of coal gasified 


‘per sq. ft. per hour. Quality factor, 96.3. 


Gas No. 4—Average gas from a modern mechanical 


| producer running under excellent operating mill condi- 


tions on high grade gas coal. Quality factor, 96.4. 

Gas No. 5—Average gas analysis from an open-hearth 
plant with good gas producer operating conditions using 
high grade Eastern gas coal in mechanically poked 
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producers, but without ash zone agitation. Quality 
factor, 94.1. 

Gas No. 6—Average gas analysis from an open-hearth 
plant using Pittsburgh coal in mechanically poked pro- 
ducers, but without ash zone agitation. Quality factor, 
94.1. 

Gas No. 7—Average gas analysis from an open-hearth 
plant using Pittsburgh coal in mechanically poked pro- 
ducers, but without ash zone agitation. Quality factor, 
O17. 

Gas No. 8—Average gas for best month in an open- 
hearth plant using Eastern gas coal in a modern type 
_ producer with agitated fuel bed but without ash zone 
agitation. Quality factor, 96.6. 

Gas No. 9—Gas produced in hand-poked producers 
from Illinois coal under fair operating conditions.* 
Quality factor, 89.1. 

Gas No. 10—Average gas from Indiana coal; ratio 
F.C. to V.M. = 1.36, under poor operating conditions.** 
Quality factor, 82.7. 

Gas No. 11—Average gas in an open-hearth plant, 
with old type hand-poked producers using Pittsburgh 
coal. Quality factor, 89.9. 

Gas No. 12—Four days sample of gas obtained in 
mechanically agitated producers from ordinary Illinois 
coal in open-hearth practice at a gasification rate of 35.4 
pounds per sq. ft. per hour. Quality factor, 96.5. 

This comparison shows that, under test conditions, 
results very close to the theoretical can be obtained with 
good gas coal, even during a prolonged run. For shorter 
runs, 9 to 12 hours, results have actually been obtained, 
both on Eastern and high grade Indiana coals, which 
show 1% to 2% above 100% efficiency. This is probably 
due to a difference in the distillation gas, as the assump- 
tion made of the quantity and composition thereof for 
various coals can only be an approximation. 


*S, 922 Year Book of the American Iron and Steel Institute, Fig. 7, page 477. 
Deno uinas from a paper by A. 8. Witting, ‘Judging Fuels from Gas Analysis,’”’ Asso- 
ciation of Iron and Steel Electrical Engineers, 1922. 
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The gases Nos. 4 to 11, represent mill conditions. 
Good mill practice is about 96% on both Eastern and 
Western coals and is represented by gases Nos. 4, 8 and 
12. A quality factor below 94% can only be called fair, 
as represented in Nos. 7, 9 and 10. Hand-poked pro- 
ducers show considerably lower quality factors. 

It is worthy of note that the gasification temperature, 
with one exception, is below the temperature at which 
theoretically the maximum efficiency of gasification and 
combustion occurs, as represented in Figs. 6 and 10. On 
Eastern coals which have an ash fusing point of 2100° 
to 2300° F., there should not be any difficulty in using a 
considerably smaller amount of steam in the blast and 
bringing up the gasification temperature, thereby making 
the gas higher in CO and lower in CO, and H.O. Suit- 
able blowers must of course be used. Indiana and Illinois 
coals generally have 100° to 150° lower a&h fusing points, 
and with these one must, therefore, be satisfied with a 
gasification temperature of about 1900° F. 


EFFICIENCY OF PRODUCERS 


The definition of the efficiency of producers as used 
today is very indefinite. The methods of calculation vary 
extremely and are just as uncertain as the proper methods 
of defining the efficiency of the open-hearth furnace. 
Messrs. Kinney and McDermott, in their paper before 
this Institute last year (The Thermal Efficiency and Heat 
Balance of an Open-Hearth Furnace), suggested that it 
would be within the jurisdiction of the American Iron 
and Steel Institute to appoint a committee on standards 
for calculating the efficiency of the open-hearth furnace. 
This suggestion would apply with equal reason to the 
efficiency of gas producers. 

The heat value of coals is commonly given in gross 
B.T.U. per pound. This is not a true basis for comparing 
various coals, as is frequently pointed out by combustion 
engineers. It is unlikely, however, that this basis will be 
changed to the more rational net basis. In the following, 
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therefore, producer efficiency means the net calorific heat 
in the gas from the producer, divided by the gross heat 
value of the coal from which this gas is obtained. In the 
net calorific heat in the gas are included the net heat in 
the tarry vapors, but not the heat in the soot that is de- 
posited before the gas reaches the place of combustion. 
In the coal used, the coal, or coal equivalent, is not in- 
cluded, that is used to raise the steam blown into the 
producer or condensed in the steam line. The latent heat 
in this steam is not considered, nor the sensible heat in 
the blast, which in ordinary practice is obtained from the 
steam. To include the steam item involves a number of 


“assumptions, which vary in different plants; and in a 


number of cases, waste heat is used to produce the steam. 
The coal, or coal equivalent, used to make the electricity 
for operating the mechanical producers, is not considered. 
This item has often been taken into account, but there is 
no more reason to include this item than there would be 
to count the coal used to heat the homes of the men oper- 
ating the hand-poked producer, or that needed to trans- 
port them to work. 

A method for comparing the actual producer gas from 
the analysis to a certain high standard has been given in 
the early part of this paper. Such a comparison consti- 
tutes a simple method of judging the gasification with- 
out the necessity of considering the complicated producer 
efficiency. It follows that the higher the quality factor 
the higher, as a rule, is the total producer efficiency. The 
quality factor, however, does not take into account the 
loss of C in the ashes and the soot, the radiation losses, 
and those occurring in the cooling-water or the sensible 
heat in the gas. The actual efficiency of the producer 


must be considered when heat units in coal are compared 


to heat units in other fuels such as tar or coke oven gas, 
and when values of various fuels are considered. 

It has been previously pointed out that the various 
present methods used for expressing the producer effici- 
ency are all fundamentally incorrect, as they do not 
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take account of the tarry vapors in the proper way. The 
tar has a net B.T.U. value of about 16,300 B.T.U. per 
pound of contained C. 

It has been shown before that, under ideal gasification 
conditions, the B.T.U. in the fixed gases per pound of C 
is about 14,600. The tarry vapors, therefore, increase 
the B.T.U. per pound of C in the total gas. Methods, in 
which all the C gasified is considered as fixed gases, give 
a producer efficiency of from one-half to one per cent 
lower than that actually obtained. This is especially 
true when poor gas is made. One would hardly think 
that such a gas as No. 10 in Table 15 could be success- 
fully used for making steel. This is nevertheless done, 
the tarry vapors accounting for this. 

In Table 15-A the producer efficiency is ecaleulated in 
ideal, good and fair practice for Eastern and Western 
coal. The ideal practice corresponds to the theoretical 
gas at about 2000° F. gasification temperature for Eas- 
tern coal, and about 1900° F. for Western coal (see Table 
14). Good practice corresponds to gases Nos. 4, 8 and 
12, and fair practice to gas No.7. Gases Nos. 5 and 6 give 
a producer efficiency about midway between good and 
fair practice. 

The method of calculation in the table can readily be 
applied to actual cases. The distribution of C in the coal 
must first be determined in the same manner as shown 
and the B.T.U. per pound of C in the gas from the gas 
analysis. The producer efficiency then follows directly. 
To determine the sensible heat in the gas, the exact com- 
position, including moisture and temperature thereof, 
must be known. 

The producer efficiency falls off with falling tempera- 
ture of gasification. This follows from the figures for 
B.T.U. per pound of C in gas given in Table 14. The 
theoretical efficiencies are for a gasification tem- 
perature of 1600°, 69.2%; 1800°, 75.6% ; 2000°, 77.6% ; 
2200°, 77.6%. 

To determine the exact relative values between vari- 
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TABLE 15-A—Comparison BETWEEN PRODUCER EFFICIENCY FOR EASTERN 
AND WESTERN COALS AT IDEAL, GOOD AND FAIR PRACTICE. 


Eastern coal! Western coal 
Per |B. T. U.| Total Per |B. T. U. | Total 
cent. per |B. T.U.| cent. per Bye Ue 
pound pound 
Analysis of natural coal (per cent.): = 
MIOISEUTC:. 5 5 <6 0d es oe SOD TEE IC S3BLN Spa erenehs| [Seen HOMOM cr aeneveavencdasine tice 
PACD EMA SER SNe se ts Ry ceria aren Y ORT Le ee 2 | |e CEB eect aets ANC are Gre Sone 
Fixed jearbon..c...0. << Beate Be hath Ors eral ercnea evens liat oie tees ATO Me ee Name ahs A 
IVOLRTIER 5.5.5 Sats ei sta,e oon AE Gece gee SOR EN ao ee ates ae DO DU es arndeue steal ions eee, 2 
BE Ooh ic crenata aie, Wivisess whe miev ss wiae 2 he HOOSO i ees dell headers MOO COMI oR Ace Ueiat| caekcoae Se 
EROCAIR GH cine seis Cee aht eae veces ahs Rsdtiouel Ce tet eireel| ee aes tate Go rOleene mie en eerste 
B. T. U. per pound of natural coal: 
CMR SIS eee ab ae Hao (ap el Sao Giataeeee ce lee ULSS onus oeeeeie 
Sls 2 Sai Meigs a eI ee | | Sean USTOTA Sie eerea|\-ueece TSO ANO 8 tetas ort 
B. T. U. per pound of C in coal: 
oS ORGS Re) ee Se Cee eee ate (ea ESOOO Wales Secdlsseeennes LSLOOZO DN Aetecen 
Siete BAe ara sot See en ee ee ERA SOM a eiccere. ce latte ag? LZS9 55, Ol4| tre tercke 
Diribitions of total C in‘coal and heat 
therein after gasification at various 
practices: 
(Qe PROG 6. no elnte oe ocipg e eaan e 1.2 | 14544 175 1.2 | 14544.0 175 
CUTTS ote 3 an oe eee ee 3.6 | 14544 §23 3.8 | 14544.0 552 
Gabinete ee orn, ave a Soles le 5.0 | 16300 815 6.9 | 16300.0 1125 
C in fixed gases: 
ideal practices. ..c.5% 6 cc0eees 14600 | 13169 14400.0 | 12686 
Ordinary good practice........ 90.2 | 13900 | 12538 }'88.1 | 13700.0 | 12070 
NU MEP LPT ACTIGE 5 clihact cle Serre soe eG as 1320) | 11906 13000.0 | 11453 
BG Cy SUe etre ale ME airbase Pare oP re irae We DOOROI a wenlncaeeras POO OM te sueptn eee Siateranraans 
Equation Equation 
Heat Icst as latent heat in water vapor at ee See ¥ 
(difference between grcss and net 5 | 18000-17430 Fi 18100 —17395 
B. ras Ws) Se ed 3 = 1 S000 me 3 . ion 19100 mae 
175 175 
SEE SUS ng oe SR |) rr 1.0 78000 1.0 78100 
523 552 
eat lost 1 800Gb. os. .08 5.002 ce ee se 2.9 78000 3.0 18100 
Total heat in these items........ FS i ak oe SR EA oct (63h PS ween pete 
Total heat in gas, sensible and 
calorific and radiated heat..... MY DON Waster. eee. keto cevetore DOE Lal Meee rcas crs frites cmrce 
Ideai practice: 
ao pat and lost in cooling 
Me torte aslo ee aie God whe is a. ore Bis! Waa aiee ces vtoteke ease DOs ecsuaters, Meyers rine tart 
Net anes heat in total gas (fixed 
gas and tarry vapors). Producer 815 +13169 1125 +12686 
BIHCICNCY godsts stapes oie ae alee vite 77.6 — {8000 76.3 Takai 
Sensible heat in gas............... De ST aertha acing os 1 Soiel|! ciara ay etteke careless stale 
Ordinary good practice: s 
PliGah MAGIAbCC ides 6 diclarate Slave e605! s abe Alt enrasaaletedesacte kts Big |haresauarchtitera cutee. ccs 
Net calorific heat in total gas. Pro- 815 +12538 1125 +12070 
MUCET CHICIGHCY o:5 aracieidievs sie atale'e 74.1 —8000 72.9 “i600 = 
Sensible heat im gas...........+.... BEV) n verte utiaye ots aiiaye Ds tey (al CA ocka oa moc the HHO 
Fair practice: 
ext mad tated cee oer oh citi sees eb ae cbr ais tes tect e BGI) lietoge Sergeants es 3 
Net calorific heat in total gas. Pro- 815 +11906 0.5 1125 +11453 
ducer efficiency......-22+-..-4.... 70.6 8000 69. 78100 
Sensible heat in gas..............+ CEO TO ere aren Ria Siete 6 FSO) |) Sate ee es elaye.d eels ews 
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The heat lost in radiation and cooling water is estimated and varies greatly for various 


ducers. 
Seer iictsensible heat in the gas follows from this estimate, 
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ous coals and other fuels, one must take into consideration 
the condition under which the fuels are to be burnt and 
the cost of gasification, ete., which, however, is outside 
the scope of this paper. 


Hor Raw versus Coot CLEAN Propucer Gas 


Hot gas is used almost exclusively in steel works and 
the demands are such that, in the majority of cases, 
cleaned gas could not be used to advantage. The clean- 
ing of the gas removes the tarry vapors, the sensible 
heat, and a large part of the moisture. For open-hearth 
furnaces, the tarry vapors are a necessity, as a luminous 
flame is required. The beneficial effect of the removal of 
the moisture cannot counteract the loss of luminosity. 
The sensible heat is not essential in open-hearth furnaces 
and soaking pits, where the gas is preheated before com- 
bustion by waste gases. The sensible heat is, however, 
ultimately partially recovered in furnaces equipped with 
waste heat boilers and has therefore a certain value. In 
heating furnaces, where the producer gas enters the com- 
bustion chamber direct, the sensible heat in the gas is 
valuable as it raises the temperature of combustion. 

There is a considerable field, however, where cleaned 
gas can and should be used. This occurs when gas is 
to be supplied to a large number of smaller heating 
furnaces spread over an extensive area. The gas can 
then be produced in a central producer plant, cleaned and 
distributed under pressure in a pipe system, mixed with 
the theoretical proportion of combustion air and burnt 
with high efficiency. The tar extracted from the gas 
should be recovered, charged back into the producer and 
converted into fixed gases or burnt separately. 


Tue Asx Fusrne Propucer 


It has been shown that a maximum gasification effici- 
ency is obtained at a temperature of 2000 to 2200° F. 
Above 2200° F. the efficiency drops off slowly until there 
is no moisture added to the blast. The gas from the gasi- 
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fication of pure C then will consist of CO and N only and 
contains as calorific heat 70.3% of the heat in C. Only 
by using highly preheated blast containing moisture or 
waste gases can efficiencies be obtained in an ash fusing 
producer as high as with ordinary blast at lower tem- 
peratures. It does not seem likely therefore that the 
ash fusing producer will make very much headway, and 
its use will probably be restricted to special cases for 
coke or anthracite. . 


TEMPERATURE OF THE Gas 


It has long been known that the temperature of the 
gas has a marked bearing on the efficiency of gasification 
and the quality of the gas made. It is generally agreed 
that a low temperature gas is the best. A few theoretical 
considerations confirm this in a most striking manner. 
The sensible heat in the gas produced by the gasification 
of carbon by the blast is given up in its upward travel 
through the’producer, as follows: 

1. The carbon subsequently gasified by the blast is 
preheated, also the ash. 

2. The volatile matter in the coal and the water is 
distilled off. . 

3. Heat is lost in radiation in the upper part of the 
producer. 

4, There remains a balance of heat in the gas, which 
gives a definite temperature to the off-going gases. 

As there is a given amount of gas at a definite gasi- 
fication temperature and since the items above are fixed 
by a given coal, the producer employed and the rate of 
driving, it follows that the temperature of the gas leav- 
ing the producer has a minimum temperature which can- 


~ not be lowered by increasing the height of the coal bed ~ 


above the gasification zone. This temperature can be 
calculated for each variety of coal. 

In the producer operation, when blast consisting of 
air and H.O is used, there is an unavoidable surplus of 
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heat which cannot be utilized, except in heating the off- 
going gases. If there were a smaller volume of hot gases 
passing through the producer, as, for instance, if the blast 
contained no nitrogen, then the temperature of the off- 
going gases would be reduced below the minimum just 
considered. On the other hand, if blast consisting of air 
and waste gases were used, the volume of hot gases would 
be increased and the temperature of the off-going gases 
would be higher. 

Similar conditions exist in metallurgical furnaces and 
other apparatus used in steel works, as, for instance, the 
blast furnace, the open-hearth furnace and recuperative 
furnaces. In the first mentioned, the gas leaves the top 
at a definite temperature, fixed by the descending ma- 
terials capacity to take up heat from the ascending gases. 
Other conditions being equal, this temperature cannot be 
lowered by making the blast furnace, say, twice as high. 
Only a reduction in the volume of the ascending gases 
can lower the top temperature. 

In the checkers of the open-hearth furnace and in re- 
cuperative furnaces, the waste gases can only give up 
the same amount of heat as the air or gases entering the 
checkers or recuperators are able to take up. Under 
such a condition, an increase in size of checkers or re- 
cuperators cannot further lower the stack temperature, 
radiation losses and infiltration of air being equal. 

Table 16 represents, as nearly as can be estimated, 
the heat required for the distillation of two grades 
of coal. The values are only approximate, but serve, 
nevertheless, to illustrate the point. The last line gives 
the heat required per pound of G gasified by blast. The 
gas created therefrom must give up this heat before pass- 
- ing away from the producer. In Table 7 is given the 
amount of gas created per pound of C at 2000° F. gasi- 
fication temperature. The heat content of this gas can 
be calculated and also its temperature after withdrawing 
the heat required for distillation. 
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TABLE 16—ESTIMATE OF HEAT REQUIRED FOR THE COMPLETE DISTILLATION 
OF MEDIUM AND HIGH VOLATILE COALS. 


BLU, Eastern Western 
per pound coal coal 
Analysis of natural coal (Per cent): 
SN ICSE UEC SS oR, tenes 3.0 10.0 
BE Rete en ire Bs ree asthe see oA. sig tw 8 we Gs LORS EMS) 
SRC EMEAMOINE Pokhara. Scie oa 4 fiw! oxtau ve oe boro 47.0 
WWictnbite peter wre se cats ore ae ce 33.0 3050 
eee ee hee 100.0 | 100.0 
C gasified by blast per pound of 
Pare Hee Pi eo Nie soa es Pads SOG Re ne 57.5 48 .0 
(CL TIDE Tire 1k ieee re ea lear 1.0 1.0 
Moisture and V. M. driven off in 
distillation zone: 
IM ISTE SURE) uc, hte ee, See eae one a | ee 3.0 10.0 
Ws WL gent Giecig eae Se re een | enn ee ae 31.0 33.5 
APO baer ICON Ge rccs oe ae gk wlohe cia cs ocsueietusie 92.5 92.5 
Heat required in the distillation 
zone per pound of coal: : 
TWO FOS Fe CRB es rc Uae *1700 ISL Las teal Oley) abrd0), 18%, 49-0 By 
Nee need rete Mire ee nats a. x *800 248 6B. 2. Wl) 268 Bale Ui 
To heat Cand ash: 2-7. .....: *760 436 Be UE 365 Be rou) 
TERED PAPE TOY? hee cack de vey an A = 2170) Bete: 170 Ber Ul 
"TIBET 5 Set on, ae eee Se ce | aan ea S05 eB b> Ui Orono kU) 
Heat required per pound of C gasi- 
Thee 9) Oya) Sie, ae SC ra coe RGN (SE een *1570B. T. U.|2020 B. T. U. 


*A pproximate. 


TABLE 17—SENSIBLE HEAT IN GAS PER POUND OF C GASIFIED WITH BLAST AT 
2000° F. BEFORE ENTERING DISTILLATION ZONE AND AFTER LEAVING 


PRODUCER. 
Temperature Sensible heat 
of gas above 62° F, 
Gas entering distillation zone.............. 2000° F. BOOP Bade On 
Heat required for oy pre es we eae 
Coal per pound o asified by blast, see 
ee eae a ty eaten 1570 B. T. U. 
Gas leaving producer on Eastern Coal...... 1280° F. - -| 2195 B.T. U 
Heat required for the Agar pes oN oarate 
Coal ound of asifie ast, see 
eee Ge ES re. 2020 B. T. U. 
Gas leaving producer on Western coal...... 1070° F. 1745 B. T. U. 


130 AMERICAN IRON AND STEEL INSTITUTE, MAY MEETING 


The result of the caleulation is given in Table 17. The 
gas temperature for other gasification temperatures is 
calculated in the same manner. The results are shown 
in Fig. 13, and are very instructive. For Western coal, 
the gas temperature is about 1100° F. and is practically 
independent of the gasification temperature. For Hast- 
ern coal, the temperature varies between 1200° and 
1300°, except for gasification temperatures above 2000° 
I’. If the gas temperatures in practice are higher than 


a 
oe 


22Ew 
\ a 
a 


5 

i ia 
No Zz 
ie \ 
S 

is} 

nN 


Ni 
ee 


=. 
S 


nh 

S 

3 
IN 


000 


af 
Lae 


Fig. 13—Approximate temperatures 

of gas from gasifying Eastern and 

Western coals at various temperatures 
of gasification. 


these, this does not indicate that the temperature in the 
gasification zone is high, but that blowholes exist in the 
fire bed, allowing air to burn C to CO, or pass through 
and burn the gas. This results in inferior gas and low 
gasification efficiency, that is, the calorific heat in the gas 
is transferred into sensible heat. This is detrimental to 
high combustion efficiency in the open-hearth furnace. 
For this reason the importance of the measurement of the 
gas temperature cannot be overestimated. It will be 
found that in every case with high gas temperature the 
gas analyses are poor and vice versa. 
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Buast TEMPERATURE AND StEam ConsumprTion 


It is generally believed that the blast temperature in- 
dicates the amount of moisture going into the producer 
and can be calculated by assuming the air to be dry and 
saturated at this temperature. This belief needs to be 
somewhat modified. When steam is introduced into air, 
the air is heated and part of the steam is condensed and 
exists in the blast as fog. The colder the outside air is, 
the more steam condenses. In most cases, the steam en- 
tering the nozzle is also wet, adding still more condensed 
moisture to the blast. This moisture enters the producer 


in the blast hood, which usually is only 8 to 10 inches be- 


low the hottest part of the fire. The ashes at this point 
are quite warm and heated by radiation from the fire and 
it is hardly possible that the fog is trapped in the ashes, 
taking into consideration also, the high velocity of the 
blast. Carefully made tests also indicate this. 

In several producers, the water seal is so close to the 
fire zone that some additional moisture vapor is added to 
the blast from this source. It is well known that the 
ashes always are moist two or three inches above the 
seal. A certain blast temperature does not, therefore, 
give the same gasification condition or gasification tem- 
perature in all producers, and this fact must always be 
kept. in mind in comparing results from various pro- 
ducers. On an average, it can be safely assumed that 
10% to 20% more moisture enters with the blast than 
the saturation temperature indicates. 

In Table 7 the H.O in the blast at a gasification tem- 
perature of 2000° F. was calculated. In Table 18 and 
Fig. 14 are also given the blast conditions at other gasifi- 
cation temperatures. From this table it can be seen that 
the blast temperature should not be below 131° F., if 
2000° F. temperature of gasification is desired, and in 
most cases the temperature should be kept from 2° to 
4° lower than this, due to the quality of steam used, and 
a still further decrease is necessary in cold weather. 
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The blast temperature gives a very good indication in 
operating producers, but one must guard against depend- 
ing on this for judging the amount of moisture entering 
the producer, moisture decomposed, or moisture con- 
tained in the producer gas. It might be well here to enter 
a plea for frequent moisture determinations in the gas, 
which is now seldom done. 


TaBLeE 18—THEORETICAL AMOUNT OF H,O PER POUND OF DRY AIR CORRE- 
SPONDING TO VARIOUS TEMPERATURES OF GASIFICATION IN THE PRODUCER. 
ALSO ESTIMATED TEMPERATURE OF SATURATION UNDER ORDINARY CON- 
DITIONS. 


Temperature of gasification in Degrees F 


1600° 1800° 2000° 2200° 


H:O per pound of air in blast 

(Per'cent)e 42) eee 585 2250 .130 .O71 
Steam required to raise air 

from 62° F. to saturation 


temperature (Per cent).... .028 .023 .018 .013 
Dry: HsO in blast. > eee 557 234 112 .058 
Saturation temperature at this 

moisture content, DegreesF. 176 153 131 110 


The approximate consumption of steam for the two 
coals given in Table 16 can be calculated from Fig. 9, 
with consideration of the natural moisture in the air, and 
is shown in Fig. 15. The actual steam consumption is 
from 10% to 30% higher, due to steam line losses. In 
this connection, it might be well to point out the superi- 
ority of the turbo-blower over the ordinary steam jet 
blower as a means of introducing the blast, and the more 
general adoption of the former cannot be too highly 
recommended. 


Tuer Use or Oxyaen 1n Gas Propucrrs 


This has been proposed by Prof. F. G. Cottrell before 
the Institute in 1920 and especially by E. A. W. Jefferies 
in a discussion of Prof. Cottrell’s paper.* The effect 


*“The Future of Oxygen Enrichment of Air in Metallurgical Operations”, 1920 Yea 
Book of the American Iron and Steel Institute, pages 117 and 139. co : oad 
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thereof can readily be calculated in the same manner as 
shown for blast and H.O in Tables 5, 6 and 7. If all air 
were replaced by pure oxygen, the surplus heat as given 
in Item 8, Table 5, is increased by Item 6 in the same table. 
This will allow and necessitate the addition of more H,0 
per pound of C gasified. The percentage of CO gasified by 
H.O will thereby be increased to 40.2% of the total ie 
and the resulting gas will contain as calorific heat 89.8% 
of the heat in C. This compares to 79.4% with air and 
H,0 at 62° F. With proper consideration of the distilla- 
tion gases, these percentages indicate that 8% less fuel 
will give the same calorific heat in the total gas. The 
' gas will be extremely high in calorific value (300 to 350 
B.T.U. per cubic foot), and will consist of CO, H and 
distillation gases, with smaller amounts of CO, and H.O. 
Due to an increase in combustion efficiency, a possible 
saving of 15% of the fuel in open-hearth practice may be 
effected. As about one-half of a ton of oxygen is required 
per ton of ordinary bituminous coal, the price of oxygen 
should not exceed about 30% of the cost of coal (cost of 
additional H.O not considered) in order to make the pro- 
cess economical for steel works. Such a low price of 
oxygen is not yet in sight. 

The field for the oxygen process, therefore, seems to 
be exclusively in the production of high calorific gas or 
so-called ‘‘city gas.’’ In this process it is possible to 
transfer nearly all the heat in the coal into calorific heat 
in gas. 


INFLUENCE OF RaTE OF GASIFICATION 


With hand-poked producers, it was considered that 10 
to 15 pounds of coal per square foot per hour was an 
economical rate of driving in steel works practice. With 
the advent of the mechanically poked or surface agitated 
producer, with automatic coal feed, this was raised to 20 
to 25 pounds. The most modern mechanical producers, 
with agitated ash zone and continuous automatic ash re- 
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moval, have proven that rates as high as 50 pounds are 
perfectly feasible on most grades of both Eastern and 
Western coals, still maintaining an extremely high gasi- 
fication efficiency. In fact, a low rate of driving does not 
give as high efficiency, due to increased heat radiation 
from the gasification zone. In the theoretical considera- 
tions, radiation losses from this zone were not taken into 
account. This is proper, as this zone has the shape of a 
pancake. The radiation loss through the brick-lined wall 


Fig. 14—Maximum saturation tem- Fig. 15—Consumption of steam 


. per 
peratures of blast for various tem- pound of Eastern and Western coal 
peratures of gasification. at various temperatures of gasification. 


along the edge of this pancake is practically nil, and the 
radiation downward is recovered in the blast and trans- 
ferred back into the zone. The radiation upward is only 
partly recovered, as far as the gasification zone proper 
is concerned, but it is only the very top thereof that is 
affected at gasification rates of 20 to 50 pounds, and this 
has practically no influence on the gasification conditions. 
However, at a low rate of gasification, the radiation 
downward and upward, especially the latter, has a greater 
influence on the temperature in this zone, even if it were 
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. possible to maintain uniform conditions throughout the 
fuel bed. In such a case, less than the theoretical amount 
of moisture can be decomposed. This lowers the effi- 
ciency of gasification and makes it necessary to reduce 
the amount of moisture in the blast, that is, the blast tem- 
perature, in order to maintain the proper temperature of 
gasification. 

The practicability of rates of gasification as high as 
50 pounds is still doubted by many, but in view of actual 
results obtained in fully mechanical and automatic pro- 
ducers this does not seem to be justified. 


Instruments Requinep ror ConrroLLiInGc AND 
SupPervisine THE Operation or Gas Propucers 


1. The most important instrument is a pyrometer, 
preferably of the recording type, placed in the gas out- 
let from the producer. Jt has been pointed out above 
that good gas and high gas temperature cannot exist 
simultaneously. <A record of the gas temperature from 
each producer, is, therefore, nearly as indicative of oper- 
ation as gas analysis, and in some respects more valuable. 
It will tell the operator practically instantly when a blow- 
hole is formed, and enable him to close it before fusing 
takes place and clinkers are produced. Twelve, eight or 
six hour gas samples cannot give such information. If 
a temperature record is made of the gas from each gas 
producer, analysis of the gas can practically be elimi- 
nated. From a cost standpoint, it is possible that tem- 
perature records will not be more expensive than gas 
analysis from each producer every eight or twelve hours. 
A few steel works recognize this and have at least par- 
tially adopted pyrometers. 

2. The gas temperature, however, does not indicate 
the temperature of the gasification zone. This tempera- 
ture is closely related to the blast temperature and a 
thermometer in the blast pipe is, therefore, next to the 
pyrometer in importance. There are also devices on the 


. 
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market which keep the blast temperature constant auto- 
matically for any rate of driving, and take this important 
item out of the operator’s hands. With these two instru- 
ments the conditions of gasification efficiency can be 
judged. 

Other instruments to facilitate the operation are: 


3. Steam pressure gauge, showing the steam pres- 
sure for the turbo or the jet blower. This indicates the 
rate of driving. 

4. Blast pressure gauge, or U tube, showing the 
blast pressure. This indicates the condition in the fuel 
bed. : 

5. Gas pressure gauge. 

6. Measuring device, for measuring the rate of feed- 
ing coal. This is usually a simple device when automatic 
coal feed is used. 

There is also an instrument on the market for the 
continuous recording of B.T.U. per eubie foot of the gas 
produced. 

In addition to these, the operator should have a meas- 
uring rod for measuring the depth of the fuel bed, includ- 
ing ash, gasification and distilling zones, and should keep 
a record thereof. 

There are devices on the market that keep the gas 
pressure constant by regulating the blast. Such a device 
is useful when a gas producer battery is furnishing gas 
for heating furnaces, or more than one open-hearth furn- 
ace. For open-hearth furnaces equipped with individual 
groups of producers, gas pressure regulation is not so 
important. 


PREHEATING OF THE BLAST 


In the comparison between theoretical and actual 
practice, blast of 62° F. has been assumed in the former 
case. This is proper, as the sensible heat in the blast in 
actual practice corresponds to the latent heat given up 
by part of the steam being condensed to a fog. In the 


a 
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majority of producers, this fog enters the gasification 
zone also, as pointed out above, and the blast in actual 
practice, therefore, corresponds to a mixture of air and 
dry moisture at 62° F. 

In the first part of the paper, a few calculations were 
carried out for blast preheated to 562° F. In Tables 5 
and 6 are given the surplus and deficiency of heat when 
C is gasified by air and steam respectively at 562° F., and 
in Table 7, the condition when balance is obtained with 
562° F. blast. Proportionally more steam is decomposed 
per pound of C and higher efficiencies of gasification and 
combustion are obtained, as shown in Figs. 6 and 10. 
“ More steam per pound of C gasified must also be used 
(See Fig. 9). That preheated blast would increase the 
efficiency is pointed out by several writers, among others 
Car] Dichman.* 

The Mond Producer system uses blast preheated to a 
certain degree. From the theoretical point of view, the 
efficiency of combustion would be increased from about 
45% to 49% at a gasification temperature of about 
1900° F. This would mean a reduction of fuel consump- 
tion of about 9%. Another way to express this is, that 
preheated blast makes it possible to obtain the same 
efficiency at a lower temperature of gasification as ob- 
tained with natural blast at higher temperature of gasi- 
fication. However, the heat necessary to produce the 
additional steam required and to preheat the blast would 
correspond to about 7.5% of the fuel. Unless waste heat 
is used, practically no saving can be expected, and the | 
operation will also be more complicated. In open-hearth 
practice, there is always sufficient heat in the waste gases, 
even if waste heat boilers are used, to produce all the 
moisture vapor required and preheat the blast consider- 
ably. To solve this problem in a practical way does not 
seem to be a very difficult one, and a great saving in steam 
and coal can be realized thereby. 


*The Basic Open-Hearth Steel Process, by Carl Dichman. 
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Oruer Cootine Mepiums THAN Stream in Gas Propucers 


The addition of moisture to blast serves two purposes 
in the producer: 


1. To maintain the temperature of gasification be- 
low the fusing point of ash. . 
2. ‘To increase the gasification efficiency. 


The first purpose is the most important, as otherwise, 
producers could not run except at a very low rate of gasi- 
fication. 

A popular way of expressing the action of steam is 
that ‘‘it breaks up the clinkers.’’ This is. not a correct 
way of expressing the action. Moisture, after it becomes 
superheated, does not act on coal ash or coal in any dif- 
ferent manner than any other gas. Steam prevents 
clinkers only by cooling the fire. Any other gas could 
be used for cooling just as well. This was realized some 
thirty years ago by Siemens, who proposed to use waste 
gases and many others have since proposed the same or 
‘similar method. The soundness of this from a theoretical 
point of view has not been denied by competent investi- 
gators, but the savings that could be obtained have often 
been grossly exaggerated. That it has not been used to 
a greater extent is due to practical difficulties. Tt is 
necessary that the source from which the gases used for 
cooling are taken be dependable and that the composition 
of the gases does not vary to any great extent. The 
waste gas from the open-hearth furnace is not a good 
source; it varies greatly during each heat and still more 
during a run. It varies also between reversals, on ac- 
count of air leakage being different in the two ends of 
the furnace. With waste heat boilers the conditions are 
somewhat better, as the gases are practically of constant 
temperature, but the composition still remains variable. 
At reversals, there is some gas going directly into the 
stack, which might cause explosions in the producer blast 
pipe, and this must be guarded against. Given a con- 
stant source of waste gases, the required amount of these 
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TaBLE 19—CHEMICAL BALANCE OF THE GASIFICATION OF C at 2000° F. By 
WASTE GASES CONSISTING OF 1 PART CO: AND 1.8 parts N. Propvor- 
TION OF CO: To CO From Figure 1. VALUES PER POUND oF C GASIFIED. 


Item Wont Cc Oo N 
Ropgeinedias ere. ce eee. 1.000 Ae OOO al eet atl Crean 
Waste gases used: 
(COS be ee ce eee 35 4.490 1,225 Se 205) eneeb anes 
UN Serene fee: AAP 36 USBI Ries: 2 okt eevee tee. 8.082 
BER a eaetys S 0 oc ome, ct Pe 13 .572 2.225 3.265 8.082 
Gas obtained: 
GOR eee ats eee Ot .824 »220 Se Soe ee 
SU de eee 38 °4.666 | 2.000 2-606) eee 
NBR thm aise tye |". Sees aes « SOS 2 See seat ee -inoe eee ae 8.082 
BROCADE eek ee Se ee. 13.572 2.225 3.265 8.082 


TABLE 20—HEAT BALANCE OF THE GASIFICATION OF C at 2000° F. wITH WASTE 
GASES CONSISTING OF 1 PART CO, AND 1.8 parts N. VALUES PER POUND 
oF C GASIFIED. 


: Temper- 
Htem | Pounds | "pets | above | heat | B.f-U. 
Sensible heat in C and ash, 
SABC AS ELDOHU2 sl ADIG Om es ket ole, suey seo |lsleicre  Seeslabews ale ollie avai. 765.5 
Gas obtained, see Table 19 
COP ee Ae ese FN Bis es Bove tl | rtetee 1938 .310 495 .0 
COR eee. | |e erieie | 2000! Il ae oe 1938 .264 | 2387.0 
IN ease kas bicceail shy Sa Si JOS2 ene 1938 264 4135.0 
pl paers ieee ee. eval oe Pe 2 ilhewh Sir tes ones Oa all ocnreee 7017.0 
Calorific heat in gas—CO.} 43 | 4.660 | 43882 |.......]....... 20420 .0 
Calorific heat in C....... 44 1000) T4544 ly ee lac, sae 14544 .0 
Deficiency of heat, 1 43+ 
142-1] 41-1 44....... ey | Smeets al A ride gar Caceres 12129 .5 
Sensible heat in _ waste 
gases at 562° F., see 
Table 19: 
‘CO, Re ety eatoics callsctodin a 4 A490. |. 0 eee 500 22239 502.0 
ING ee ces cate cls ota SOS res pene 500 .2467 | 997.0 
SRC c ere eee aH weal Biss Pelee teucsl dell ciaiete eos mille gteiows cere 1499 .0 
Heat deficiency “eps feed 
ases preheated to . 4 
f. iE sj AGh err Aime reer letetetecec tates stie oye ores 10630 .5 
Per cent of heat in C trans- 
ferred to calorific heat in 
SS SE Pedy Arata PM 140.4 
gas 5 Gia 
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must be mixed in constant proportion with air. This, 
however, does not present a difficult problem. 

One of the best sources of waste gases available in 
steel works is the stack gases from the blast furnace 
stoves. These gases are very uniform in analysis and 
temperature when a common stack for each group of 
stoves is used. These gases consist of CO., N, O., 
and H.O. In case washed blast furnace gas is used, 


TaBLE 21—HEAT AND CHEMICAL BALANCE OF THE GASIFICATION OF C By 
AIR AND WASTE GASES (1 PART CO: AND 1.8 parts N) at 2000° F. at 
BALANCED CONDITIONS OF FUEL BED. 


Blast at 62° Fahrenheit Blast at 562° Fahrenheit 


Reference Reference 
Item and B. T. U. |Item and B.-t? G- 
Equations Equations 
Surplus heat per pound of 18 110 
CG .gasified by vairs 25.452 boca Table 5 2325.0 |....| Table 5 3083.8 
Heat deficiency per pound of 145 147 
C gasified by waste gases. ]....| Table 20 12129.5 |....] Table 20 | 10630.5 
C gasified by waste gases per Is 110 
pound of C gasified...... 51 I8+1 45 -161 lbs. | 52 Tio+l 47 . 225 Ibs. 
C gasified by air per pound 
of. Crgasified... ss ..s05 oe 53 1-I 51 .839 Ibs. | 54 1-1 52 -775 Ibs. 
Gas obtained per pound of 
C gasified: 
CO: from waste gases....}]....| 151X137 -133 Ibs. |....| 152X137 -185 Ibs. 
COs from Bis «oe ching latin I53 x14 
See Table 5) .310 Ibs. |....] I54xI4 . 287 lbs. 
Petals eutkwu os oak SBA act tee 443 Theat BG tee ee -472 lbs. 
O from waste gases.....].... I 51X1 38 -751 Ibs. |....| 152X138 | 1.050 lbs. 
COMiram Altes vs bs Oe saan west. Lea ae 
See Table 5] 1.760 lbs. |....] I154XI5 | 1.626 Ibs. 
otal COS aes neeaes OTC] Se kien een 2.011 tba. | GE tna oe 2.676 lbs 
N from waste gases...... -++-] 151X136 | 1,301 Ibs. |....] 152X136 | 1.818 Ibs. 
IN PHO BIN acute ne sates Pe Get eal 
See Table 5] 4.096 Ibs. |....] I54XI6 | 3.783 Ibs 
Obl IN Zein che occe aah t ce caline ee eee oe 6307 Tbe. hc. cclean ataeiee 5.601 lbs 
Grand UTotals,deskaw tee cee eee ee SiSbL Tha so. tl akeooe ees 8.749 lbs 
B. T. U. per pound of C 
ganified..c.0% so. aoe 59 | I 57 X4382 11003 60 | I 58 X4382 11726 
4 I 59 I 60 
Efficiency of gasification.... 14544 75.6% <aeia 80.6% 


Analysis of gas by volume: 
CO 
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H.0 is low. The gases can be considered as a mixture of 
air and true combustion products. The proportion of 
N to CO. in these latter is about 1.8 and this ratio is lower 
than in any other combustion product. In open-hearth 
waste gases, the ratio is about 2.8. The reason for the 
low ratio in products from blast furnace gas is that part 
of the CO, in this gas is formed from O in the iron ore 
and part is derived from the limestone. This low ratio 
is of great benefit if the gases are to be used in producers, 
_as will be shown presently. 

From the diagram in Fig. 1, it is possible to calculate 
the results of adding a certain waste gas with air in the 
producer. Part of the CO, is broken up into CO by oxi- 
dizing C, and the resultant gases, consisting of CO,, CO 
and N, are heated to the gasification temperature. These 
calculations are given in Tables 19, 20, 21 and 22 for a 
gasification temperature of 2000° F. 


TABLE 22—HEAT AND CHEMICAL BALANCE OF THE COMBUSTION IN THE OPEN 
HEARTH FURNACE OF GAS MADE FROM AIR AND WASTE GASES (1 PART CO2 
AND 1.8 parts N). BLAST TEMPERATURE 62° F., GASIFICATION TEM- 
PERATURE 2000° F. IN PRODUCER. VALUES PER POUND OF C GASIFIED. 


SEY We vera to pel eal penne 
Gas obtained, see Table 21: 
COn, Item 55.. spike 443 1838 .300 244. 
re 1S ein he ee eee ee PAG 1838 . 262 1209 
Bg AE ck te Re 5.397 1838 262 2599 
aS Se 8.351 iboB ic Tl Bion mice 4052 
Calorific heat in gas, Item 59.|..........)..-.-e ee eede eee renee ue 
Saye aac uta TIT AS eee cee | nics aca oe er ell ncape voter eave: <n 9! steve) orale cure 
Se Bgecoh ie ns RABE 6.220 2138 257 3418 
Tia Eecattav aula lemteieie nce Polsratc Siecle ec feieecis puter ille «.c 10) ele\ eo» 18473 
Waste ae ore per 
eae AS ak 55 Robert teat 4.395 2838 360 4490 
Islet, cee eee See eee 10.176 2838 274 7913 
"ROtAla hc eine} oy os gas lee ie ke ee Cit ome 12403 


Heat available in melting 
EAs TWAS Tetra ei oa sere ote Ecker lo. cby apts gare pte | bi noi eden iwitel sie 6070 
Percentage of heat available 
in melting chamber of heat . 
in C, 6070+ 14544... 0.2 fee e eee ee fee ee cece efe eee ences 41. 
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Table 19 is a chemical balance of materials. The gas 
obtained contains the same proportion of CO, and CO 
as given in Fig, 1 and Table 3. In Table 20 is caleulated 
the deficiency of heat when C is gasified by waste gases 
of 62° and 562° F. temperature. The efficiency of gasifi- 
cation is calculated in Table 21. Gas analyses by volume 
are also given for comparison with those in Table 7. The 
B.T.U. per cubic foot are low, as compared to gas made 
by air and H.O, but the gas does not contain moisture. 


|) 
ive 
Pe 


Fig. 16—Gasification efficiency in Fig. 17—Combustion efficiency of gas 

gasifying C by air and waste gases, from C gasified by air and waste gases, 

containing 1 part CO, to 1.8 parts N containing 1 part CO: to 1.8 parts N 

by weight, at various temperatures of by weight, at various temperatures of 
gasification. gasification. 


Fig. 18—Gasification efficiency in Fig. 19—Combustion efficiency of gas 
gasifying C by air and waste gases, from C gasified by air and waste 
containing 1 part CO: to 2.8 parts N gases, containing 1 part CO, to 2.8 
by weight, at various temperatures of parts N by weight, at various tem- 
gasification. peratures of gasification. 
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The gasification efficiency for other temperatures has 
been calculated and is shown in Fig. 16. It is interest- 
ing to compare this diagram with Fig. 6. The efficiency 
for air and moisture blast is about 4% higher; but with 
air and waste gas blast at 562° F’. the efficiency is slightly 
higher for the latter. The combustion efficiency is calcu- 
lated in Table 22 and shown in Fig. 17. It might be of 
interest to note here that it requires only 25% to 33% 
of the waste gases from the blast furnace stoves for 
operating the producers required to convert all the pig 
iron into steel in open-hearth furnaces. These figures 
_ refer to cleaned, washed blast furnace gas being used in 
- the stoves. Considerably less is required in case raw or 
dry cleaned gas is used, on account of the moisture con- 
tained therein. Such waste gases are sulphur-free and do 
not add to the total amount of S in the producer gas. 

If waste gases, containing 1 part CO, and 2.8 parts N, 
from burning coal are used, the gasification and combus- 
tion efficiency are slightly lowered, as the deficiency of 
heat per pound of C gasified with such gases is higher 
and less C is therefore gasified by waste gases. It is not 
necessary to give the calculations here, as they are made 
in the same way as in Tables 19 to 22. The results, how- 
ever, are shown in Figs. 18 and 19. The gasification and 
combustion efficiency are about 2% to 3% lower than in 
the case of using waste gases from the combustion of 
blast furnace gas. 

If waste gases contain moisture, this acts in the same 
way as steam introduced into the blast in ordinary prac- 
tice, and if the quantity is known, the amount of the waste 
gases required and other items of interest can be calcu- 
lated. 

In judging the merits of cooling producers with waste 
gases versus moisture, one must take into account the gas 
analysis. The former gives a gas high in CO, low in H 
and HO. Moisture gives a gas low in CO, high in H and 
incidentally in H.O0. In such a comparison, the actual 
B.T.U. per cubic foot of dry gas can by no means form a 
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basis for comparison. One must take into account the 
combustion efficiencies of the gases, in which the H,O 
content must not be left out. It is generally believed, 
and many practical open-hearth men are thoroughly con- 
vineed, that in open-hearth furnaces B.T.U. in the form 
of CO are more efficient than in the form of H. Actual 
proof of this is difficult to obtain, but theoretically there 
is some foundation for such a belief. H.O dissociates 
at a somewhat lower temperature than CO,. This tem- 
perature is reached towards the end of the heat in the 
open-hearth furnace, and H therefore requires a higher 
excess amount of air to burn completely. There are also 
some practical points. H and H.O make a lighter gas 
than CO and N, and with the former it is more difficult to 
hold down the flame on the bath. In practice, it is not 


impossible that the gas made from air and waste gases © 


will show a considerable superiority over ordinary gas. 


Cootine Propucers wirn Buast Furnace Gas 


Blast furnace gas presents another cooling medium 
that should not be overlooked. This gas withdraws heat 
if introduced into the fire zone, principally by being 
heated up, but at temperatures of gasification above about 
1700° F. part of the CO, is broken up by C into CO. By 


a 
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Fig. eRe Nari efficiency in 

gasilying C by air and blast furnace Fig. 21—Combustion efficiency of gas 

gas, containing 21% CO., 25% CO from C gasified by air and blast 

and 54% N by weight, at, various furnace gas at various temperatures of 
temperatures of gasification gasification. 
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TABLE 23—CHEMICAL BALANCE OF THE GASIFICATION or C AT 2000° F. sy 
BLAST FURNACE GAS (CO2=21%, CO=25%, N=54% By weicut). Pro- 
PORTION OF CO, AND CO In Gas FRom Fia. 1. VALUES PER POUND oF CG 


GASIFIED. 
Item Total Weight Cc O N 
Wigasified ec... c.: |... 002. 1.000 Te OOO Wey insets eal koe oe 
Blast furnace gas: 
COS ne ee 61 5.696 1.552 AVA A le eae a 
COS mee ees 2 62 6.814 2.920 SBOE ee aso tas 
N 63 PESGO OURAN ee eens «eee ee: 14.650 
PROLAI Sates elt ees Fe 28 .160 5.472 8.038 14.650 
Grand total . oso fcs-.c. cc PASSING alley Any ste Pom BOS eres, tel DE NCR ae ae 
Gas obtained: 
(CORR a ee 64 2.024 Ritiy4 tet OM eae echo 
E Srcterersiataiate are 65 11.486 4.920 Ge bOGreal tee oe. 5 
I Wis Sacha SR ee eee LAS GOO Malone sees ye |b ee 14.650 
pO uailemmrsse te cll ane esi are 28.160 5.472 8.0388 14.650 


TaBLe 24—HEAT BALANCE IN THE GASIFICATION oF C at 2000° F. By BLAST 
FURNACE GAS (CO2.=21%, CO=25%, N=54% By WEIGHT). VALUES 
PER POUND OF C GASIFIED. 


B. T. U. | Tempera-| Spe- Total 
Item Pounds per ture above] cific B. T. U 
pound 62° F. heat 


Sensible heat in C and 


ash altemis, sealed centoGG, ala eta ts oils tsi ete etree | ow ave, > 765.5 
Sensible heat in gas ob- 
tained: 
(COU 35 Richter ae eae, eee D024 | ede ain eres 1938 310 1217 
Co NT PASO) etree ee: 1938 264 | 5877 
te, Sa eae eee | Ae eeer £4 OBOU eee 1938 264 7495 
FLO t eile ra) este. Astor, 27 GS ae 2S LOO ee earrteetea| ett eet siiace operees 14589 
Calorifie heat in gas, CO} 69 | 11.486 | 4382 |........|...... 50332 
Calorific heat in C..... 70 1,000: \CT45 44S eee tah lieess 14544 
Calorific heat in_ blast 
furnace gas, CO...| 71 Ge STATIN AGS2 EEG aan ee 29859 
Deficiency ot heat per 
pound of C gasified, 
Items 69+68—70 
—71—67...... PMN Le ta liters voll ci aiesate Os lcs, oie “arofose| "= <taphves 19752.5 


Percentage of heat in C 

and blast furnace 

gas transferred into 

calorific heat in gas, 
Item 69 . 113.4 


Solids Mev ep Avs ad 6 640) even elle) © el eveihs 60 4 ¢.e.e si] ser 0 6 6 6,6) 0)|\s 6 6.0% ee 


Item 71+-70 
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TasLe 25—HEAT AND CHEMICAL BALANCE OF THE GASIFICATION OF C AT 
2000° I’. BY AIR AND BLAST FURNACE GAS AT BALANCED CONDITIONS 
OF FUEL BED. AIR AND BLAST FURNACE GAS AT 62° F. 


Reference B. T. U. 


Item- and equation 


Surplus heat per pound of C 


Paaified by airi.ta.00s sscarecl eee I 8, Table 5 2325 .0 
Heat deficiency per pound of C 
gasified by blast furnace gas|...... I 72, Table 24 19752 .5 
C gasified by blast furnace gas Tin oa 
per pound of C gasified....| 74 [Tsai 72 : Ss. 
C.Sasihed DY siri,. on cece see ce 75 1-I 74 .895 Ibs. 
Gas obtained per pound of C 
gasified: 
CO, from blast furnace gas... |......| I 74XI 64 .213 Ibs. 
COs irom airy sere eee eee I 75XxI 4 .331 Ibs. 
See table 5 
otal COs ied cs vee reeeins 76 .544 Ibs. 
CO from blast furnace gas... |...... I 74xI 65 1.206 lbs. 
OO Troni ain teem hee eis tte eee I 75xI 5 1.878 lbs. 
otsloG Os. tee ene 77 3.084 lbs. 
N from blast furnace gas.....|...... I 74xI 63 1.538 Ibs. 
IN Trompalr.t: sarsne bees ae ey tices 75x 6 4.369 lbs. 
LotaliNass cara ueeaeie weiter. 78 5.907 Ibs. 
Grandstotalwre sere aa ones 9.535 Ibs. 
B. T. U. in gas per pound of C 
PAsiede, Ho dA Goes 79 I 77X4882 13514 
B. T. U. in blast furnace gas per 
pound of C gasified....... 80 I 74xXI 71 3135 
: : : I 79 
Efficiency of gasification....... 81 180714544 76.4% 
Heat in blast furnace gas in per I 80 
cent of total heat used.....| 82 THs 17.7% 


using the diagram in Fig. 1, its cooling effect, ete., can 
be calculated. For the benefit of those especially inter- 
ested, the calculations for a gasification temperature at 
2000° F. are given in Tables 23, 24 and 25. 

The gasification and combustion efficiencies are given 
in Figs. 20 and 21. It is of interest to compare these 
figures with Figs. 6, 10, 16, 17,18 and 19. It is seen that 
the efficiencies are nearly as high as can be secured by air 
and steam blast, and somewhat higher than by the use of 
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air and waste gases. This means that a low grade fuel 
like blast furnace gas, which in itself could not be used 
in the open-hearth furnace, has been converted into a 
high grade fuel. There is also another advantage con- 
nected with this method; part of the coal which contains 
S is replaced by a sulphur-free fuel. The percentage of 
the total fuel required per ton of steel replaced by blast 
furnace gas is shown in Fig. 22. For ordinary gasifica- 
tion temperatures it varies between 15 and 20%. This 
represents in round figures, 14 to 19% of the total blast © 


Fig. 22—Heat in blast furnace gas in 
per cent of total fuel used in gasifying 
C by air andgblastRfurnace gas at 
various temperatures of gasification. 


furnace gas produced in converting the total pig iron 
output into steel by using producer gas as fuel. This 
figure is based on dry blast furnace gas and if raw gas, 
containing the usual amount of moisture is used, about 
10 to 13% of the total blast furnace gas will be required. 

From a theoretical viewpoint, the use of blast furnace 
gas as a cooling medium has many advantages. It is also 
of uniform composition and temperature. The introduc- 
tion thereof into the producer, however, presents a prob- 
lem. Two methods can be used: 1—The introduction of 
air and blast furnace gas separately in the producer at 
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separate periods. This method would be similar to the 
production of water gas, except that only the blast con- 
sisting of air during the first period, and the blast furnace 
gas during the second period, are to be reversed. The 
gas made during each period passes into the same flue. 
When two or more producers are operated in parallel on 
the same main, constant composition of gas is obtained. 
In the production of water gas, automatic control of re- 
versals is often used. This can also be done still more 
easily in this case, and there would be little labor con- 
nected with the reversals. 2—The mixing of air and 
blast furnace gas together in the blast pipe near the 
blast distribution hood in the producers. The proportion 
of blast furnace gas to air is so small that the mixture is 
not explosive and furthermore the velocity in the blast 
is too great for combustion to take place. After entering 
the ash zone, the mixture could burn, but this would take 
place at about the same place as it enters the gasification 
zone. If proper check valves are arranged in the air and 
blast furnace gas pipes, it is possible that this method 
would be practical. 


Savines Possrste spy Ustne Waste Gases In PLacE oF 
Steam FoR Cootine THE Fire Zone 


About ten years ago the cost of steam in gasifying 


coal was comparatively a small item as compared to the 
total cost of gasification. This condition has gradually 
changed, especially since the advent of the mechanical 
labor saving producer. 

Under present practice and prices, the cost of steam 
per gross ton of coal gasified varies between 35 and 70 
cents. The cost of steam constitutes from 30% to 50% 
of the total operating cost of gasification. The cost of 
steam is, therefore, of tremendous importance. If waste 

heat boilers are used in the open-hearth, the producer 
steam corresponds to 25% to 35% of the total steam made 
in these boilers. Including the investment charges for 
producing the steam, the cost is still higher than that 
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given above. The mechanical work that this steam ac- 
complishes in creating the required blast pressure could 
_ be done by electro-motor-driven fans with 2 or 3 K.W.H., 
or for $.02 to $.03 per ton of coal. Nearly the total cost 
of the steam, therefore, could be saved by the use of waste 
gases. 


Moprern Types or Gas Propucers 


Hand-poked, hand-filled producers of different types, 
such as Siemens, Duff, Laughlin, Bradley and others, are 
extensively used in the United States. They probably 
constitute about 75% of the total number of producers 
_ used in the steel industry, and gasify about 55 to 60% of 
the total coal used in producers. A description of these 
is, however, outside the scope of this paper. 

The modern partially or completely mechanical pro- 
ducer is a development of the last 20 or 25 years, and 
the most rapid development has been made during the 
last five years. The historical development will also be 
passed over. The rapid advancement of modern pro- 
ducers is due to the many experiments, with their failures 
as well as successes, and to the foresight of practical men 
and those interested in the subject. In the early days of 
experimentation, failures were frequent and the investi- 
gators were sometimes forced ‘to change their ideas 
radically as to how a mechanical producer should be 
built. At the present time, the development is going on 
perhaps more rapidly than at any previous time. There 
are, however, on the market today, a number of very 
successful mechanical producers, which do extremely 
good work. Figs. 23 to 30 show a few modern mechanical 
producers in alphabetical order. 

The mechanical features of a producer may be divided 
into three parts: 

1—Automatic coal feed. 

2— Automatic agitation of the fuel bed. 

3—Automatic agitation of the ash zone. 

4— Automatic ash discharge. 
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The most used coal feed is the drum type. In the Chap- 
man producer the drum type coal feed charges the coal 
into the center of the producer and a special cone distri- 


Fig. 23—Chapman Continuous Producer, manufactured by The Chapman 
Engineering Company, Mount Vernon, Ohio. 


butes the coal over the fuel bed. In both of the Hughes- 
Wellman producers, there are one or two drum feeds, de- 
pending upon the size of the producer, placed between the 
center and the edge. The Morgan and the Wood pro- 
ducers also have a drum feed, placed in a similar position. 
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Fig. 24—Old-type Hughes Producer, manufactured by The Wellman-Seaver- 
Morgan Company, Cleveland, Ohio. 
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In these three types, the fuel bed rotates and the coal is 
distributed over the whole fuel bed. The Kerpely pro- 
ducer is not equipped with automatic feed. 


Fig. 25—New-type Hughes-Wellman Producer, manufactured by The Well- 
man-Seaver-Morgan Company, Cleveland, Ohio. 


The agitation of the fuel bed is of great importance 
in a mechanical producer and saves more labor than the 
other items. Practically every farm implement used for 
breaking up the soil is represented in gas producers :— 
the plough, the tooth and dise harrow, cultivators, spades, 
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etc. The agitator in the Chapman producer consists of a 
horizontal bar fastened to a central shaft extended 
through the top, with driving mechanism above. The 


Vie. 26—Kerpely Producer, manufactured by The Koppers Company, 
Sy es Pittsburgh, Pa. 


horizontal bar is equipped with tips pointing at an angle 
downward in the direction of rotation. The bar can ad- 
just itself to the level of the fuel bed. This agitator has 
been successfully applied to hand-poked producers and 
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other mechanical producers not equipped with surface 
agitation, as for example, the Kerpely producer. The 
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Fig. 27—Morgan Producer, manufactured by The Morgan Construction 
Company, Worcester, Mass. 


Hughes producer has a swinging poker, which extends 
10 to 12 inches down in the fuel bed. On the Hughes- 
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Wellman producer, the poker is placed at an angle against 
the rotation of the fuel bed. The top is stationary and 
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Fig. 28—Sheldon Producer, manufactured by The Blaw-Knox Company, 
Pittsburgh, Pa. 


the fuel bed rotates, and in the course of a few revolu- 
tions, the poker tip has covered the surface. This prin- 
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ciple is also utilized in the Wood producer, which has one 
or two bent pokers, depending upon the size of the pro- 


Fig. 29—The Smith Mechanical Producer, manufactured by The Smith Gas 
Engineering Company, Dayton, Ohio. 


ducer, which rotate, the tip making a circular path, the 
whole surface being agitated by the rotation of the fuel 
bed. The Morgan producer is equipped with a leveler, 
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hinged in the stationary top; the fuel bed rotates. The 
Sheldon producer is equipped with two knives suspended 
from a rotating top. The knives are lifted and fall down, 
slicing the fuel bed. The stroke can be regulated. In 


manufactured by R. D. Wood & Company, 


Fig. 30—Wood Producer, 
Philadelphia, Pa. 


the course of one revolution of the top, the whole fuel 
bed is chopped up. The Smith mechanical producer has 
a rotating top with swinging, steam operated plungers, 
which poke holes into the whole surface of the fuel bed. 
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The automatic agitation of the ash zone is a compara- 
tively late addition to the mechanical producers in the 
United States. It has been proven that good gas at much 
higher rates of driving can be made thereby, and it is 
certain that more general use is going to be made thereof. 
In the Chapman producer, there is a horizontal casting, 
made in the shape of a bar, located in the water seal. 
This is attached to a gear ring above the water seal. _ The 
bar is equipped with short vertical lugs, which lift the 
ashes slightly when it rotates slowly. The bar also forces 
the ashes out towards the circumference, where they are 
automatically removed. The old Hughes producer did 
not have ash zone agitation, as the ash pan and shell were 
built together. In the new producer, however, the ash 
pan is not connected with the shell. The ash pan and the 
blast hood rotate with the producer by friction from the 
ashes. These parts are automatically stopped at short 
intervals, creating a twisting action at the bottom of the 
ash zone. The blast hood is shaped like a triangle or a 
hexagon, with rounded corners. This sets up a erush- 
ing action in the ashes in the plane of the hood, when the 
pan stops. In the Kerpely producer, the blast cone is 
located slightly eccentric in relation to the producer. The 
ash pan with the hood, rotates slowly, creating a twist- 
ing and crushing action in the ash zone. The Morgan pro- 
ducer has a spiral in the bottom of the rotating ash pan. 
This spiral can be stopped at will by the operator and 
discharge the ashes. The Wood producer has serapers 
attached to the rotating shell and the ashes are automati- 
cally removed continuously. The Smith mechanical pro- 
ducer is not equipped with water seal, as are most other 
types. Instead, there is a brick-lined cone, closed by a 
gate. The ashes are removed from this cone from time 
to time. 

In addition to these producers, there are a few other 
types introduced in this country, or about to be intro- 
duced. A producer, similar to the Wood, is manufactured 
by the United States Cast Tron Pipe and Foundry Com- 
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pany, Philadelphia, Pa. The Duff Patents Company, 
Inc., Pittsburgh, Pa. is introducing a producer with arms 
extended from the rotating center of the top. These arms 
have fingers which describe circular paths in the fuel bed. 
The Gas Producer and Engineering Corporation of New 
Jersey, of New York, are introducing the Galusha pro- 
ducer. It is equipped with a vertical shaft, which ex- 
tends from the driving mechanism on top of the producer, 
through the fuel bed and the horizontal grating. To this 
shaft are fastened two flattened horizontal bars, which 
move in spiral paths, caused by the rotation and raising 
and lowering of the shaft. Both the ash and fuel zones 
are broken up by these bars. The construction is similar 
to the Talbot producer, introduced some 25 years ago in 
England. The Galusha producer uses a similar method 
for ash removal as the Smith mechanical producer. 

The average dimensions of the mechanical producers 
are 8 feet and 10 to 1014 feet diameter inside the brick- 
work. In one exceptional case, however, the diameter is 
as much as 16 feet. 


SuMMARY 


1. Laboratory tests of the balance between air, CO., 
H.0 and C have hitherto been conducted under conditions . 
so different from the conditions in the gas producer that 
such tests cannot be applied to the gas producer. 

2. Balance diagrams of the two systems CO., CO, C 
and H.O, H, CO., CO, C have been worked out which are 
applicable to gas producer practice. 

3. By application of the laws of thermo-chemistry 
to these diagrams, conclusions are effected embracing all 
the factors that play a part in coal gasification. 

4. The results obtained are compared to actual gas 
producer practice and check very closely with the best 
results obtained with both coke and bituminous coal. 
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5. A simple method is given for comparing the qual- 

ity of the producer gas from practice with the theoretical 
as. 

‘i 6. The influence of the temperature of gasification 

is discussed and it has been shown that a temperature 

between 2000° and 2200° F. gives the highest producer 

and combustion efficiency of the gas. 

7. The gas made at 2000° F. from ordinary bitumi- 
nous coal should show the following analysis by volume 
of dry gas (H.O and tarry vapors not included): O.H,, 
0.6; CH,, 3.6; CO, 29.1; H, 13.3; total combustibles, 46.6; 
CO., 3.4; N, 50.0. 

8. Producer efficiency is discussed and a basis given 
for the calculation thereof. 

9. Hot raw gas versus cold clean producer gas is 
discussed. In open-hearth practice hot raw gas is a 
necessity. For small heating furnaces spread over a 
large area, clean gas has certain advantages. - 

10. The ash fusing producer is discussed. The effici- 
ency of this producer cannot be expected to be as high 
as that of the ordinary producer, except under special 
conditions, and it is improbable that it will come into 
more general use. 

11. The temperature of the gas from the producer is 
discussed. It is shown that on each fuel there is a cer- 
tain low temperature which indicates that the condition 
of gasification is correct and that the fuel bed is uniform 
and free from blowholes. When this temperature is ex- 
ceeded, the quality of the gas is reduced. This tempera- 
ture is about 1100° F. for Western high moisture, high 
volatile coal and about 1200° to 1300° F. for Hastern gas 
coal. 

12. The influence of the temperature of the blast is 
discussed. The temperature should not exceed 131° PF. 
and in most producers it should be 2 to 4° lower. 

13. The use of oxygen in gas producers is discussed. 
. Very high efficiencies can be obtained therewith, but in 
steel works practice the cost of oxygen must be lower 
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than 30% of the cost of coal to show a saving. With 
oxygen it is possible to make so-called “‘city gas’’ and 
transfer nearly all the heat in the coal into calorific heat 
in gas. 

14. Rates of gasification are discussed. Rates as 
high as 50 pounds of coal per square foot per hour are 
possible in modern mechanically operated producers, with 
ash zone agitation, on both Eastern and Western bitumi- 
nous coals. 

15. Instruments required for controlling and super- 
vising the operation of gas producers are discussed. It 
is shown that a pyrometer for measuring the gas tem- 
‘ perature is the most important instrument and that with 
a recording pyrometer gas analyses are not required. 
The instrument next in importance is a thermometer for 
measuring the blast temperature. 

16. The influence of preheated blast is discussed. 
Higher producer efficiency can be obtained thereby, but 
the heat required must be derived from waste heat in 
order to obtain economy. 

17. It is pointed out that great savings in Npacnaon 
ean be effected by using waste heat to supply the moisture 
in the blast. Even if waste heat boilers are used with the 
open hearth furnace, the waste gases contain sufficient 
waste heat to produce this moisture. 

18. Waste gases, as a cooling medium in producers in 
place of moisture is discussed. Waste gases with a lower 
ratio of N to CO., are superior. Those from the blast 
furnace stoves have the lowest ratio N to CO., do not 
contain sulphur, and constitute therefore an ideal source. 
With the use of waste gases, the producer gas will contain 
CO instead of H which is desirable for open-hearth furn- 
aces. Higher producer efficiency than that obtained by 
the H.O cannot be expected, except with preheated waste 
gas blast. 

19. The use of blast furnace gas as a cooling medium 
is discussed. In this relation there are two outstanding 
factors, (1) the substitution of 15 to 20% of the coal fuel 
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by heat in the blast furnace gas results in a fuel lower in 
sulphur, a desirable factor in open-hearth operation: it 
also permits the use of a higher sulphur coal. And (2) 
the efficiency obtained is high and the heat in the blast 
furnace gas is transferred into a high grade fuel that can 
be used in open-hearth furnaces. 

20. The savings possible with waste gases or blast 
furnace gas are discussed. Practically all of the steam 
cost under present practice and prices, 35 to 70 cents per 
gross ton of coal, can be saved. 

21. A short description of modern mechanical pro- 
ducer types is given. 


During the reading of this paper, Mr. Schwab called 
upon Mr. John A. Topping, Vice-President, to take the 
chair. 

Tue Cuarrman (Mr. John A. Topping): Mr. Dyrs- 
sen’s paper was to have been discussed by Mr. A. L. Cul- 
bertson, of the Chapman Engineering Company, New 


York, but I understand he is not here. Mr. W. B. Chap- | 


man, president of the same company, will take his place 
in the discussion of the paper, Gas Producer Practice in 
Steel Works. 


Discussion by Winu1aM B. CHapman 
President, The Chapman Engineering Company, Mount Vernon, Ohio 


As Mr. Culbertson could not be here to discuss Mr. 
Dyrssen’s paper he asked me to speak for him, as we both 
represent the same company. In going over Mr. Dyrs- 
sen’s paper we were both struck with the great amount 
of original, creative work he had done and we feel that 
we cannot compliment him too highly upon the monu- 
mental contribution he has made to this subject. 

We believe there is one step further that Mr. Dyrssen 
might go in order to make his paper more practical, and 
that is to clarify the term which he uses so frequently 
and speaks of as the ‘‘gasifying temperature’’; also to 
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explain how this temperature is to be ascertained. When 
the air blast first encounters the glowing coke at the 
bottom of the fire bed in a producer, there is an excess 
of oxygen over carbon and the carbon burns to CO., just 
as in a thin fire under a boiler; and the temperatures 
created here are 200 or 300 degrees hotter, more or less, 
than those given in Mr. Dyrssen’s paper; then as the CO, 
passes up, it is cooled somewhat by carbonizing, so to 
speak, to CO (CO. + C = 2CO). The temperature of 
the CO generating zone or regasification zone, referred 
to so often as the ‘‘gasification temperature,’’ is limited 
therefore by the temperature which the first or combus- 
* tion zone may have, which again depends on the melting 
point of the ash or clinkering tendency of the coal. 

The so-called ‘‘gasification temperature’’ evidently 
refers to the decomposition zone, consisting of a layer 
of incandescent coke which is of variable thickness. The 
fact that it is of variable thickness with the highest 
temperature at the bottom and is heated by the hot gases 
as they arise, proves that this temperature can only be 
roughly estimated, as it is likewise variable from the 
bottom to the top, and until some practical way can be 
worked out for determining with fair accuracy this 
average temperature, we will be handicapped in making 
practical application of the very ingenious method Mr. 
Dyrssen has suggested for testing and comparing pro- 
ducer operation. 

In his paper it is assumed that there are no blowholes 
in the producer and that conditions are uniform; and, 
as this assumption is contrary to fact, some practical way 
must be found for making proper allowance for condi- 
tions as they are. 

We believe that by going over a number of producers 
and making the necessary experiments, Mr. Dyrssen can 
find. and establish some definite relation between the 
highest temperature in the producer and the temperature 
he refers to. If he would do this, it would help to clarify 
his paper and would make his suggested method of test- 
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ing a producer more practical. Possibly a simple way 
can be devised for obtaining the exact proportion of mois- 
ture in the air blast and with this as a starting point the 
gasification temperature can be calculated and a helpful 
table evolved. 

Mr. Dyrssen says that the greatest aid in helping one 
operate a producer would be a thermometer, more 
particularly a recording thermometer in the gas outlet. 
While we agree with him, we might interject in passing 
that the best producer gas we have ever seen was made 
in a chemical works where a bonus was paid to the man 
who made the highest per cent. of CO. The temperature 
test which Mr. Dyrssen refers to would be a much cheaper 
and easier way of judging the gas. If a recording 
thermometer were used, and the men paid a slight bonus 
for keeping the temperature of the outgoing gas between 
a certain maximum and minimum, we believe that the 
cost of the recording device and the expense of keeping 
track of it would be paid for in savings in an open-hearth 
plant very quickly. 

There has been no concerted attempt in this country 
to establish a standard for a heat balance of gas pro- 
ducers. A number of people have worked out a fairly 
complete heat balance for some isolated test but the same 
method and same constants have not been employed. 
We think it would be worth while if the Institute 
appointed a committee to establish a standard method. 
The American Society of Mechanical Engineers at 
present have a committee that is working on something of 
the sort, without very much progress being made, largely 
due to the fact that they are trying to evolve a combina- 
tion code for testing gas producers for gas engines, as 
well as for raw gas heating. 

I have here a heat balance which Mr. Culbertson and 
I worked out, which we would like to present to such a 
committee, if appointed, as a suggestion of a standard 
method for making heat balances; I will mention only 
two or three points in regard to it (see Appendix). 
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In this heat balance we have not taken an isolated 
test of a gas producer. So often when one sees a test, 
he has a feeling that it is exceptional and far from 
standard practice. We therefore took twelve different 
tests that were made in the four best known mechanical 
producers—the Hughes, the Morgan, the Wood and the 
Chapman. We selected what we considered to be typical 
tests of first class practice and averaged them together. 
We thus established a sort of standard of best practice 
in modern mechanical producers. 

The average of these twelve tests shows 154 B.T.U., 
using of course the low or net heating values. I will not 
“ go into detail, but I want to show you where the money 
goes that is spent for gas producer coal. The debit side 
of the heat balance shows 9714% of the energy put into 
the producer in the form of coal; the remaining 214% 
is in the form of steam. On the credit side there is 74.5% 
in the form of cold producer gas and if you include the 
sensible heat in the gas the efficiency is increased to 86%. 
The remaining 14% is lost. The losses are approxi- 
mately 12% due to radiation, 1% from carbon in the soot, 
1% due to the cooling-water and 144% due to carbon in 
the ashes. 

In most producer practice it is possible to run with 
the outgoing gas or top temperature lower and save 5% 
or more of the coal by cutting down radiation losses. 
Some people make a great fuss about a1 per cent., or less, 
loss in the soot; or a one-half per cent. loss from carbon 
in the ash, while at the same time there is a needless loss 
of 5% or more in radiation due to the top of the fire bed 
being too hot. This heat balance shows that more can 
be saved by keeping the top temperature low than in any 
other way. 

There should be as great a differential as possible 
between the temperature at the top of the fire bed and 
at the bottom; that is to say, the gas maker should put 
on sufficient coal to make the fire bed thick and there- 
fore cool on top to the point where the coolness of the 
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gas makes trouble. Usually a temperature of the out- 
going gases as low as 1200° F. is easily obtainable with- 


out increasing the proportion of steam in the air blast. 


All that is necessary is to keep the blowholes closed. At 
the bottom of the fire bed the temperature should be as 
hot as possible, that is to say, as hot as the coal will 
stand without melting the ash; if the ash melts, it is 
pretty sure to result in trouble with clinker, and other 
difficulties. 

For the purpose of theoretical discussion, Mr. 
Dyrssen assumes horizontal uniformity across the fire 
bed. This is most important. One should try as far as 
possible to maintain every horizontal plane across the 
producer uniform in two respects; it should be uniform 
in temperature and uniform in density. Not only in 
operating a producer, but in selecting a new producer, it 
should be borne in mind that horizontal uniformity 
throughout the entire contents of the producer is the end 
to be attained for efficient operation. If the ashes are 
removed unevenly, as they usually are, it starts blow- 
holes, which destroy horizontal uniformity as regards 
both density and temperature. As soon as the blow 
holes open, the temperature rises in spots and clinkers 
follow, again destroying uniformity. 


If efficiencies are to be improved, much greater atten- — 


tion should be given to the question of an even removal 
of the ashes to prevent uneven and violent disturbance 
in the fire bed. The majority of troubles in a gas pro- 
ducer start with uneven ash removal and therefore there 
should be as few restrictions as possible to a free and 
unimpeded downward movement of the ashes. Mr. 
Dyrssen has mentioned with approval the new idea, at 
least in this country, of continuous agitation of the ash 
zone. We believe that continuous agitation of the ashes 
marks the most important immediate advance in gas 
producer construction. 

We have been over the leading gas producers illus- 


trated in Mr. Dyrssen’s paper and find that in almost 
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every case insufficient consideration has been given to 
this important question of uniform ash removal. In a 
gas producer, efficiency and uniformity go hand in hand 
and one cannot obtain uniform conditions if the ashes 
have to be removed by a tortuous route, impeded by 
-restricted passageways. In one of the producers shown, 
the ratio of the unimpeded space for the movement of 
the ashes downward to the total area of the fire bed is 
70%; in the others this ratio is 49%, 45%, 44%, 32% 
and 18%. . 

Mr. Dyrssen’s computations are largely predicated 
upon a horizontally uniform gasification zone. The prac- 
tical value of his proposed basis for comparing producer 
operation will be greatly enhanced when producers are 
built so that horizontal uniformity of the fire bed and 
ash bed is made a practical possibility. 

On page 127 Mr. Dyrssen has made a statement re- - 
garding the fire bed which in practice might be mislead- 
ing. He states that a definite temperature of the off- 
going gas is fixed by a given coal. This is only true in 
regard to the minimum limit and also only when there is 
perfect horizontal uniformity throughout the gasifying 
zone. In practice, no such condition exists. There are 
always a few blowholes emitting CO., undecomposed - 
steam and uncombined oxygen. A portion of the CO, 
might be converted into CO, and thus lower the tempera- 
ture of the outgoing gases, if more coal were added at the 
right place. This high temperature caused by unfilled 
blowholes is not fixed and does not. vary with the nature 
of the coal. It depends partly upon the depth of the fire 
bed but more upon the effectiveness of the method em- 

_ ployed for closing the blowholes both at the top and at 
the bottom of the fire. 

Lowering the temperature of the outgoing gases by 
decreasing the CO,, increases their content of CH, and 
C.H,. This is borne out by the figures given in test 12 
on page 120 of Mr. Dyrssen’s paper, which are for a pro- 
ducer in which the blowholes are closed by a horizontally 


168 AMERICAN IRON AND STEEL INSTITUTE, MAY MEETING 


operating agitator. Other things being equal, the lower 
the top temperature (due to closing the blowholes) the 
better the gas, and the higher the top temperature (due 
to too thin and too loose a fire bed) the poorer the gas. 
As Mr. Dyrssen points out elsewhere a recording pyrom- 
eter for the outgoing gases would be a great aid in secur- 
ing better efficiency. 

Quite aside from the question of accepting Mr. 
Dyrssen’s proposed method of testing and comparing 
producer operation, his paper contains so much addi- 
tional data of practical value it is sure to become a 
standard reference on this subject for years to come. 


APPENDIX 
Heat Batance or Averace Gas OBTAINED IN TESTS OF TWELVE DIFFERENT 
INSTALLATIONS OF MECHANICAL PRropucERS 
Six of the installations were of Chapman Producers, two of Hughes, two of 
Morgan and two of Wood. Il were typical of best practice. Compilation 
made by W. B. Chapman, President, Chapman Engineering Co. 
Average analysis of gas (taken from tests of 12 different plants). 


CO2 O2 co CHa He CHs Ne BetG. 
4.8 0.2 25.5 0.4 12.1 3.6 53.4 154.0 


Total combustibles in gas, 41.6%. 

Average coal fed per hour, 2816 lbs. 

Average duration of tests approximately 72 hours. 

Coal used—Gas coal mostly from the Pittsburgh District. 
Average analysis of coal, as fired (at same 12 plants). 


Moisture Volatiles Fixed Ash Sulphur Total BTUs 
Carbon in Ash Carbon 
3.5 32.8 56.2 y Ge Let 74.8 13450 
Heat Batance (Summary) 
Dr. B.T.U. Per Cent. Cr. B.T.U. Per Cent. 
B. T. U. per pound of Calculated power 
coal as fired....... 13,450 97.5 ON PAS; <0 ee 10,296.4 74.61 
Sensible heat of coal Sensibleheatofgas 1,575.9 11.42 
NR?) a ey oe 0 0.0 Losses 
Sensible heat of steam Unburned carbon 
above 62°F....... 350 2.5 in ashie kes 47.8 .84 
Sensible heat of air Unburned carbon 
2) en ee 0 0.0 InjKOOt. vkwe we 133.4 .97 
—— (Assumed as 1% of 
13,800 100.0 coal fired). 
Sensible heat of 
Ssh RO? Ee eer: 0.3 0.0 
Sensible heat of 
cooling-water... 133.5 .97 
Radiation, ete., by 
difference... .. 1,612.7 11.69 


13,800.0 100.00 


dp abi 
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Re eam uNC orn nM eR re. Sr Ne ee wy teak otc ws 13.97% 
manetency of producer hot) gags) se. 6 ls eed pea coves acevencaecd 86.03% 
PGIenEy OF PrOodweer, GOIG PAG. f.))5..4 daca ek Oe aac tes vee w es laaes 74.61% 
Coal gasified per square foot per hour...............0..0ee005 35.85 lbs. 
Premium eed Perpound Of GOal. csnckacat ssc. cas acva vencauvets 0.304 Ibs. 
Gasper pound omecoalsasifiredsdo8 acs aiosteicu egaulews Leuieals om 66.86 cu. ft. 
PNITEPEEMMOMNICWOL coallas: reds fc <stdich a thee cele sila dis cle werevs 3.00 lbs. 
Cooling=water per pound of coal... ..ic.«....cecaesseccccccee 1.78 lbs. 


Temperature of gas leaving producers averaged approximately 1250° F. 


Producers equipped with 4 or 5-stage blowers with 9-16” nozzle or with 
steam turbo-blowers. 

The amount of hand poking required in producers having continuous ash 
removal was about 15 minutes per 8-hour or 12-hour shift, but in producers 
having intermittent ash removal, an additional poking to settle the fire after 
each ash removal was required. No large or objectionable clinkers were made 
during the tests we have selected. 

Carbon in soot was not measured in all ot the above tests but was estimated 
to average 1% of the weight of the coal fired. 

No allowance was made for undecomposed steam in the gas except in 
figuring air used, as practically all moisture in the gas was due to moisture in 
the coal. 

No account was taken and no deductions were made for tar vapor in the 
gas as practically all of it passes on into the furnace and burns with high 
efficiency. 

No account was taken of the mechanical power required to operate the 
different producers except to note that it averaged 3 H. P. 

Calculations were made at, or reduced to, 62° F. and 30” mercury. 

Temperature of atmosphere at time of the tests was assumed to be 62° F. 
United States Steel Corporation revised low values were used for gases at _ 
62° F. and 30” mercury as follows: CO 322, C2H; 1495, Hz 274, CH, 909. 

Although the low or net values have been used in figuring the gas output, 
they have not been used in figuring the coal and steam input. This is because 
the net values are practically never used for coal and steam. The correct 
efficiency would, therefore, be greater than that shown. 

In several of the tests, complete data was not available and had to be 
either estimated or omitted from the averages. 


CALCULATIONS FOR Heat BALANCE 


1. Calculation for volume of gas produced from 1 pound of coal. 


Analysis of Weight of gas Proportion by Weight of carbon 
gases having in pounds per weight of carbon per cubic foot 
Gas carbon cums Ae at in gas of gas 
CO rec eck: 255 x .074 x 12 +28 = .0081 lbs. 
COmer. vers . 048 x Be hile x 12 +44 = .0015 lbs. 
(Os ye aera . 036 x . 042 4 12+16 = .0011 Ibs. 
Chis leo Seen . 004 x 074 x 24 +28 = .0003 lbs. 
Total pounds of carbon per cubic foot of gas....... = .0110 lbs. 
Garber in 1 pound of coal as fired (from analysis). . = . 7480 Ibs. 
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Vol f vas from 1 pound of coal=<. ©_U 00al—-C m ae toon 
rapt heat aoa C in one cubic foot of gas (from analysis) 


— 0.7480 — .0033 — .0092 _ ¢6 96 cubic feet. 
“0110 


2. Calculation of power of gas. 


PAR cor its git hve aicinks seheie 121 X 274 = 33.2B.T. U. 
ES Pe oeeedl le foeiyeaet 036 X 909 =  382.7B.T. U. 
CO ie ae desta 255 X 322 = 82.1B.T.U. 
NESE « tater sete aah ds -004 X 1495 = 6.0 8. Er 


154.0 B. T. U. per cubie foot 


Heat value of cold gas from 1 pound of coal =154.0X66.86 = 10296.4 
Bogle 


3. Calculation for sensible heat of gas at 1250° F. 


Volume Mean specific Increase in 

of heat between temperature Barer 

Gas 62° F. and 62° F. to 

1250° F. 1250° F. 

COms asthe, toe 0.048 « 0.0295 % 41188° = 1.68 
eee oan tpt ee 0.002 x 0.0189 x LISS? > = . 04 
COe at eae cee 0.255 -~ X= 0: 0189. P56 1188s eye) 
ET AiR ee ek pk 0.120 2K) EO; 0193 ite se 1188°> -= Pia if 
Goan ee eee ee 0.008 xX 0.0454 x 1188° = 21 
(Eig Bie SR Tete 8 ie 0.0386 Xx 0.0359 x 1188° = 153 
Sto micey erie Monee. 0.534 X 0.0183 x 1188° = 11.61 
Sensible heat of gas per cubic foot....................--.-... 23 .57 


Sensible heat of gas from 1 pound of coal = 23.57 X 66.86 = 1575.9 B. T. U. 


4. Calculation of amount of coal gasified per square foot per hour. 


Weight of coal per hour 2816 _ — pounds per square foot per 
~ hour. 


Producer area 78.54 


5. Calculation of sensible heat in one pound of coal. 
Sensible heat in 1 pound of coal = 0.22 (specific heat of coal) x 
(degrees above 62° F.) = 0.0 B. T. U. 
Norg.—This calculation is given to show method to be employed when 
average temperature during time of test is other than 62° F 


6. Calculation of loss from unburned coal. 


Ash from coal by analysis, 7.5 per cent. 
Per cent. of carbon in refuse from producer, 4.2 per cent. 
Total carbon unburned per pound of coal = 


.075 


10.49% .042 = 0.0033 pounds. 
Loss from carbon in ash = 14500 (value of carbon) X .0033 = 47.8 
Bovey: 


TN ee ee eee ee 


ed ee ee ee 
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7. Calculation of loss due to carbon in soot. 
Quantity of soot assumed to be 1% of weight of coal and to contain 
8% ash and 92% carbon. { 
ie _ Se in soot = .0092 X 14500 (B. T. U. in C) = 133.4 


Norr.—It is assumed that the soot contains no tar, as the amount of con- 
densed tar vapor is usually well under one-tenth of one per cent. 


8. Calculation of loss due to sensible heat of ash. 
Refuse = Ash 7.5% + carbon in ash .83% = 7.83%. 
Specific heat of ash = 0.2 
Temperature of ash = 80° F. 
.0783 X .2 X 18 (degrees above 62° F.) = 0.28 B. T. U. 


9. Calculation of amount of steam used. 


Diameter of nozzle = 9%". Area of orifice = 0.25 sq. in. 
Steam pressure = 52 pounds gauge = 66.7 pounds absolute. 
Napier’s approximate formula for steam per hour = 


3600 X absolute pressure X orifice area 


70 
Steam used per hour = S600 KTH 02 = 857.4 pounds. 
ReSolctes 
Pounds of steam per pound of coal = Sse 0.304 pound. 


Norts.—In Napier’s formula steam is assumed to be dry but it usually 
contains 3 or 4% of moisture, which would make its weight somewhat 
greater than indicated by this formula. For exact work a throttling calori- 
meter should be used. The error, however, is offset by the fact that the steam 
gauge is usually located some little distance from the nozzle. 


10. Calculation of sensible heat of steam. , 
Heat content (above 62° F.) of saturated steam at 52 pounds gauge 
pressure = 1150 B. T. U. per pound. 
Sensible heat of steam = 0.304 X 1150 = 350 B. T. U. per pound of 
coal. 


Nore.—No determination has been made of the amount of moisture in 
the gas. This consists of undecomposed steam from the blast and of moisture 
from the coal as fired. If the gas is of good quality (having under 5% COs 
and over 25% CO) the moisture from undecomposed steam is small. We 
have assumed it to be 10% of the total steam used. If desired, the moisture 
can be obtained accurately by the use of a psychrometer. 


11. Calculation of amount of air and sensible heat of air. 


Per Cent. Cubic feet Weight of Proportion Pounds 
of gas of gas per gas in of of 
pound pounds per oxygen oxygen 
of coal cubic foot 
(CO nar Sere 0.048 X 66.86 X 0.116 X 3244 = 0.271 
COAMS Leo: 0.255 X 66.86 xX 0.074 xX 16-28 = 0.721 
Ute nee eae 0.002 xX 66.86 X 0.084 X 1 =m (OL 
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Amount of oxygen in gas from 1 pound of coal.................. 1.003 
Amount of oxygen in 1 pound coal (from analysis)............... 0.071 
Oxygen supplied by air and steam blast................ceceeeeee 0.932 
Oxygen supplied by steam blast =12x .304=0. 270. 

Deducting 10% (assumed to be undecomposed) =0.270—0.027..= 0.243 
Oxygen! supplied) by. airiblast. 8.1. . 2a eee = 0.689 


Air per pound coal = 0.689 x 49,° =3.00 pounds. 
3.00 X 0.2374 (specific heat of air) x0 (degrees above 62° F.) =0.0 B. T. U.= 
sensible heat of air per pound of coal gasified. 

Notr.—This calculation is given to show method to be employed when- 
ever the average atmospheric temperature, during the time test is made, is 
other than 62° F, 

12. Calculation of sensible heat of cooling-water. 

10 gallons cooling-water used per minute =83.3 pounds. 

2816 pounds coal per hour = 233° =46.9 pounds per minute. 

Cooling-water per pound coal=$3-3 =1.78 pounds. 

Specific heat of water = 1.0. 

Temperature of ingoing water 55° F., temperature of outgoing water 
130° F. Increase of temperature =75° F. 

Sensible heat in cooling-water per pound of coal=1.78X75X1=133.5 
BET: U; 


Tue Cuarrman (Mr. John A. Topping): In further 
discussion of Mr. Dyrssen’s paper I will call upon Mr. 
H. G. Siebert, fuel engineer, Bethlehem Steel Corpora- 
tion, Bethlehem, Pennsylvania. 


Discussion by H. CO. Sreserr 
Fuel Engineer, Bethlehem Steel Corporation, Bethlehem, Pa. 


The basis on which Mr. Dyrssen establishes his 
equilibrium diagram is the assumption of a certain low 
temperature in the gasification zone, and further, the 
assumption that the gas leaving the producer is identical 
with the gas which leaves the zone of gasification. 

Careful experiments on producers, in which both coke 
and coal were gasified separately and in which tempera- 
tures, pressures and gas analyses were taken from dif- 
ferent levels between the ash zone and the gas outlet, 
prove that temperatures to and above 2500° F. prevail 
in the combustion zone and in part of the gasification 
zone, and that the gas leaving the producer by no means 
corresponds to that which leaves the zone of gasification, 
or zone of distillation, or both. 
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The experimental evidence is therefore opposed to 
the conclusions set forth by the author. 

The more important points mentioned by the author 
of the paper will be considered here as follows: 


1. Equilibrium in gas producers, judged from the 
basis of experimental results. 

Comparison of theoretical and actual gas. 
Behavior of producer gas in regenerative furnaccs. 
Limitations of the modern mechanical producer. 
Control of producer operation. 

The ash fusing or blast furnace type of gas 
producer. 


DOR wo be 


At the outset a brief definition will serve to make 
clear the references below to the different zones of a gas 
producer. 

When bituminous coal is charged into a gas producer 
its hygroscopic moisture and volatile matter is driven 
off. This portion of the fuel bed, 4” to 6” deep, or less, 
comprises the ‘‘distillation’’ zone. 

Most of the remaining fixed carbon is converted into 
gas in the zone lying beneath the distillation zone. This — 
conversion zone comprises the greatest part of the depth 
of the incandescent fuel bed and is commonly referred 
to as the ‘‘gasification’’ or ‘‘reaction’’ zone. Between 
this reaction zone and the ash bed lies the ‘‘combustion”’ 
zone, a rather thin layer of the remaining carbon. 

The action of a blast composed of air and steam upon 
the fuel bed of the producer is about as follows: 


a. ‘The oxygen of the blast combines with the carbon in the combustion 
zone to form CO». Very little steam is decomposed in this zone. 

b. The CO, and H.O in passing through the reaction or gasification 
zone become converted into CO and H:. The completeness of the 
reactions between the gases and carbon or between the four gases is 
conditional upon the temperature in this zone, upon the ratio of 
steam to air, and upon the time that the gases are in contact with 
the incandescent carbon. 

c. The gases of the reaction zone finally pass through the distillation 
zone which evolves the hydrocarbons, tar vapors, etc., contained in 
the volatile matter of the coal. 
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Haquiuisrtum in Gas Propucers, JupGep FROM THE Basis 
oF EXPERIMENTAL ReEsuurts. 


Four principal reactions take place in the gas pro- 
ducer: 


(1) C+0,=COz 
(2) 20+0,=2CO 


which may be designated as the air gas reactions, and the 
reactions: 


(3) C+H.0=CO+H, 
(4) C+2H,0 =CO.+2H2 


which will be considered as the water gas reactions. 

The first two lead to the equilibrium C + CO, —= 2CO, 
the last two to the equilibrium CO, + H, — CO + H.O. 

The question of chemical equilibrium in the gas pro- 
ducer, therefore, leads to two fundamentally different 
problems. According to the reactions 

CO. + H, = CO + HO and C + CO, = 200, 

the equilibrium can be two-fold: 

1. It can be present between the gases proper, and 

2. It can be present between the gases and carbon. 

It is quite possible under certain operating practice 
to meet the first condition and yet not satisfy the second. 

The relation which exists between the gas components 
at a certain temperature and the equilibrium constant K 
is expressed by the equation equilibrium constant at a 
certain temperature, 

[CO] [H.0] 
[CO.] [Hz] 

This relation is primarily dependent upon the initial 
concentration of the water vapor present in the air mix- 
ture. The smaller this is, the more will the formation 
of CO predominate over the steam content. It is, there- 
fore, not only a question of attaining equilibrium, but 
the relation of steam to air must be chosen so that of the 
two possible reactions of carbon with steam (C + H.O 
= CO + H; and C + 2H,0 = CO, + 2H.) the first will 


predominate. 
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The equilibrium constant in the above system for a 
given temperature of gasification can be satisfied by 
widely different values of the four gas components. As 
only two of these, CO and H., possess heat value, the 
process should be conducted in practice so as to favor 
the maximum formation of CO. Of utmost importance 
for this condition is the proper ratio of steam to air. 
High temperature alone does not prevent the formation 
of considerable quantities of CO, and H.O in the gas. 

Another point is of importance in this connection. 
Even though the water gas reaction had attained equilib- 
rium in the gasification zone, it suffers no simple change 
with temperature alone, but must readjust itself to the 
volumes and pressures of the superimposed zones. 
Whether this readjustment be present or absent depends 
upon the reaction velocity. 

The water gas reaction is, therefore, the predomi- 
nating one and it has by far the greatest influence upon 
the final gas composition. 

The equilibrium of the air gas reaction C + CO, = 
2 CO has a lesser influence on gas producer operation, 
because the time in which the gases are in contact with 
carbon is never of sufficient duration for the condition of 
complete equilibrium between the gases and the carbon. 

The mass of experimental evidence that is at present 
available on this subject shows that ‘the gasification of 
solid carbon is not necessarily completed in the gasifica- 
tion zone of the producer, but that steam decomposition, 
reduction of CO, to CO, and new formation of CO also 
can take place above this zone. 

A deep fuel bed therefore favors not only the reduc- 
tion of CO, but additional formations of CO and H, and 
tends to diminish the quantity of undecomposed steam. 
The detrimental influence which an excessive quantity 
of steam has upon the gas composition will be the greater 
with a shallow fuel bed, since it offers little opportunity 
for the excess of CO, and H.O to be converted to CO 


and H.. 
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The experimental data also show that the chemical 
reactions are not always completed in the fuel bed but 
that changes in the gas composition take place even in 
the space above the fuel. A study of the data of tests, 
referred to below, will prove that we cannot infer chem- 
ical equilibrium with any degree of accuracy from the 
temperature of the gas leaving the producer, nor from 
the chemical composition of the final gas. 


Comparison or THEORETICAL AND ActuaL Gas. 


When we speak of a theoretical gas, the question 
naturally arises as to the composition of such a gas. 
From the reactions, 20 + 0O.= 2C0 or C+ CO, = 2CO, 
it follows that for every cubic foot of oxygen contained 
in the blast entering the producer, two cubie feet of CO 
are evolved, and since air by volume consists of 21% O. 
and 79% N., the resulting gas from pure carbon and 100 
cubic feet of dry air will be 42 cubic feet of CO and 79 
cubic feet of N,. 

The composition of a theoretical gas produced from 
pure carbon and dry air will therefore be 34.7% CO and 
65.3% N. by volume. 

This analysis could therefore serve as the basis for 
comparing the operation of producers that are blown by 
air alone; but as practically all gas producers in the steel 
industry gasify bituminous coal, which is not pure carbon, 
and as they are blown with air and steam, the above 
analysis will not serve as a theoretical standard in the 
production of a mixed gas. 

So far as the writer is aware, there is no method by 
which the chemical composition of a theoretically per- 
fect mixed gas may be calculated. Dichmann, for in- 
stance, computes that such a gas would contain 36.1% 
CO, 4.7% H., and 99.2% Ns by volume, but his method 
of calculation is also based on certain assumptions. Bone 
and Wheeler in their experiments on bituminous coal 
gas producers, using steam and air blast, secured the 
following gas analysis: 2.4% COz, 31.6% CO, 11.6% H,, 


i Sami 
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3% CH, and 51.4% N,. Pounds of steam per pound of 
coal = 0.2. Wendt, in his tests on a producer gasifying 
bituminous coal and blown with air and steam, got the 
following gas analysis: CO, from 5.5 to 10.5% and CO 
from 19.2 to 28.6%. Neumann, in his experimental pro- 
ducer in which coke was gasified under the action of a 
steam and air blast got the following results: Gas 
analysis at producer outlet, per cent. by volume, CO, 
Zoe CO 26:9, H,! 9,6, CH, 0.3, N, 58.9: temperature 
measured in gasification zone, 2375° F.; pounds of steam 
per pound of coke, 0.38. 

Markgraf gives the following analysis which was 
obtained from the Wirth gas producer, which is of the 
ash slagging type and in which coke was gasified. Steam 
was injected into the fuel bed above the plane of the air 
tuyeres: 2% CO., 32% CO, 7.5% Hz, 0.5% CH, and 58% 
N,. Coke gasified in the Koppers-Kerpely producers, as 
operated in the plant of the Seaboard By-Product Coke 
Co. (See paper by W. Reed Morris) gives the following 
analysis: 3.4% CO., 30.7% CO, 9.7% H., 0.1% CH, and 
59.9% Nao. 

From the above it will be seen that 32% CO gas has 
been obtained on steam blown producers gasifying both 
bituminous coal and coke. 

The above figures by no means represent the theoreti- 
cal maximum of CO that can be obtained. If we assume 
that in steam blown producers, as well as in those blown 
by air alone, 34.7% by volume represents the theoretical 
~Imaximum CO, the analyses given by Mr. Dyrssen must 
be compared with this standard and the results will, of 
course, be quite different. 

Thus instead of a quality factor of 99, which is given 
on Table 15 for gases of 26.5 and 24.83% CO, we will get 
a quality factor of 76.3 and 70, respectively, for these 
gases. 
If we consider 32% as the maximum CO, the quality 
factor for the same gases becomes 82.6 and 76, respec- 
tively. The results given above show that we cannot 
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accept 26% or 29% CO as a measure of the maximum 
that can be obtained on steam and air blown producers 
gasifying bituminous coal or coke. 


BEHAVIOR OF Propucer Gas IN REGENERATIVE FURNACES. 


The author states that all of the tar vapors that are 
evolved from the volatile matter of the coal and a part 
of the soot formed in the gasification of bituminous coal 
in producers is available for developing heat in the open- 
hearth furnace. . 

In this connection the following table is offered. Th 
results were obtained some years ago by the writer on 
tests made to determine the extent of the decomposition 
that takes place in the regenerators of open-hearth 
furnaces. The gas was produced from Pittsburgh coal 
in modern mechanical producers. Simultaneous gas 
samples were taken at producer outlet, reversing valve 
and at the furnace port. The gas at the furnace port 
was taken through a water-cooled sampling pipe. Be- 
tween producer outlet and reversing valve no change 
could be detected in the gas analysis. 


DECOMPOSITION OF COAL PRODUCER GAS, ANALYSIS IN PER CENT. 
BY VOLUME 


Trst 1 TrEst 2 Test 3 
Gas | Before Per || Before Per |! Bef Per 
Regen lee. 1 Gant. Se pat, © bh Genk crore | At. | Gent 
ae Port a pe a Port nae pss A Port | ee 
CORE. 6.1 8.7 |+43 6.0 7.2 |+20 5.6 621 11 
CoHy.. 5 .0 |—100 A 0 |—100 A .0 + T00 
CORP en 22.5 | 20.9 |— 7 23.8 | 23.2 |— 2.5]| 24.8 | 24.2 |— 2.4 
CH,.. 3.4 1.9 |—44 sk 1.2 |—48 2.8 2.0 |—28.5 
eee wg 11.8 | 14.8 |4+25 11.6 | 16.2 |+40 12.0 | 15.0 |+25 
Net B.T 
U. per 
cubic ’ 
foot.. .| 143 125. |—12.6]| 134 130 —3 144 137 —5 


These results show that the heavy hydrocarbons dis- 
appear entirely and that the lighter hydrocarbons (CH,) 
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suffer a marked decomposition. They also prove that 
even CO suffers a partial decomposition on its way 
through the furnace regenerator. Bone and Wheeler and 
other investigators obtained similar results. 

Since tar vapors are composed of the heavier hydro- 
carbons and in view of the great decomposition that 
C,H, and CH, suffer in furnace regenerators, the conclu- 
sion seems justified that tar vapors undergo a very 
material change or destruction on being heated in the 
checker chambers and ports of the furnace, especially 
the open-hearth furnace. How much of this destruction 
goes on depends upon the efficiency of the gasification 
process, the quality of the coal, the quality and quantity 
of steam blown, and upon the final gas temperature. 

Hence producer gas by no means conveys to the 
furnace hearth all the tar vapor formed in the process of 
gasification. 

Gas analyses from coal gas A era in general, as 
well as the data given above, show that soot forms in 
considerable quantities in furnace regenerators, in flues, 
above the fuel bed, and, under certain conditions, even 
within the producer fuel bed. 

The following table gives the carbon present in the 
form of tar and soot in producer gas. These data are 
compiled from careful tests on various types of pro- 
ducers. 


TAR AND SOOT IN PRODUCER GAS 


Gas Tem- Steam 
Tar perature Depth Blown 
Tar Soot and at Producer of Fuel per Remarks 
Soot Outlet ° F. Bed Pound 
Oa. 
.0164 |.0082 |.0246 1100 5’-0” .86 
.0157 |.0100 |.0257 1230 5’-0” .58 Clements 
.0160 |.0110 |.0270 1250 5-0" .33 |Tests on hand poked 
.0132 |.0105 |.0237 1230 3/-6" 1.00 | producer. See Jour- 
.0152 |.0120 |.0272 1290 3'-6” .72 | nal, Iron & Steel In- 
.0143 |.0078 |.0221 1320 3/-6" 54 | stitute, 1923. Tar 
.0145 |.0107 |.0252 1370 3/-6" .41 | and soot are given in 
.0120 |.0096 |.0216 1480 3’-6" .33 | pounds per pound of 


coal gasified. 
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TAR AND SOOT IN PRODUCER GAS—Continued 


Gas Tem- Steam 
Tar perature Depth Blown 
Tar Soot and at Producer of Fuel per Remarks 
Soot Outlet °F. Bed Pound 
‘oal 
io s5 cee 0560 1450 1-6” .25 |Tests by the writer on 
erent Sheele lt 0720 1570 1-3" aon: different types of 
Sheoe Sono 0670 1640 1/-2”" .385 | mechanical produc- 
x en BSR pret 0260 1240 3’—-0" .387 | ers gasifying Western 
esate Rack ele 0374 1360 3’-0" .38 | Pennsylvania coals. 
5 PG Sere boy 032 1275 3/-6" .54 | Pounds carbon in tar 
betters reid eho 03 1244 3-6" .18 | and soot per pound 
adenine heal 03 1376 3'-6" .18 | coal charged. 
Se 38 eas 03 1385 3’-6” .16 
.046 |.0009 |.047 5'-6” .45 |Tests by Bone and 
.066 |.0009 |.067 5’-6” .54 | Wheeler. See Jour- 
.064 |.0014 |.065 5’-6” .81 | nal, Iron & Steel In- 
.050 |.0013 |.051 6" 1.12 | stitute, Vol. I, 1907, 
.060 |.0023 |.062 bones 5’-6" 1.57 | and Vol. III, 1908. 
.057  |.0069 |.064 1150 3-6” .45 | Pounds carbon in tar 
.061 |.0068 |.068 1080 3-6" .33 | and soot per pound 
-066 |.0075 |.074 1220 3-6" .21 | coal charged. 
.054 |.0046 |.059 1250 3/-6" .20 


If it were possible to convert all of the tar vapor into 
permanent gas, which would not decompose within the 
producer nor in the furnace regenerator, the efficiency 
of the process would be augmented considerably. But, 
as the different data show, this cannot be done in the 
present producers; nor is it likely that it will be done 
as long as bituminous coal is gasified by present methods. 


Limitations oF THE Mopern Mrcuanican Gas PRopUCER. 


The present mechanical producers possess good 
features in such devices as the continuous coal feed, the 
automatic poker or stirrer, and the continuous ash dis- 
charge. All of these devices tend to make the task of 
the operator easier. From the mechanical point of view 
there does not seem to be much room for improvement. 
Yet the present mechanical producer is a machine of 
limited flexibility and capacity, and of relatively low 
efficiency when considered in conjunction with the use of 
gas in the open-hearth furnace, in the regenerators of 
which the gas suffers partial decomposition. 
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The first and most serious defect in most of the 
present producers lies in the steam jet blower, which 
will deliver the proper amount of air required for a given 
rate of gasification only within a very narrow range of 
pressure. Also a given size of steam nozzle may be suit- 
able for one coal but not for another, even when the coal 
comes from one district. As soon as the steam pressure 
exceeds the most favorable range, the ratio of steam to 
air becomes unfavorable and the producer is then blown 
with an excess of both steam and air. 

Tests on two such blowers were made by the writer 
and the results are given in the following tables. The 
excess or deficiency in steam and air per pound coal is 
based on a gasification rate of 2000 pounds of coal per 
hour, 40 cubic feet air and 14 pound steam per pound of 
coal. The characteristics of the blower would, of course, 
not be affected even if another basis were chosen. 


Steam Pressure of , ; P ; 
Pressure | Steam and Air | gtcamiper | Airper | Steam” | ~aget 
Gauge cai Tinches of Water Pound Coal | Pound Coal Excess Excess 
30 3 .22 25 —12 —37 
40 + .26 32 —20 
50 5 Pei 37 22 —7 
60 SS .34 42 ai 4 
70 6.5 .38 45 52 12 
80 7.4 -40 47 62 17 
90 8.4 45 50 83 25 
100 9.3 700 53 100 32 
110 10.3 0 56 120 39 
120 ih .59 58 136 44 
130 12 64 60 152 50 


The above test was made eleven years ago on a blower 
of well known make, having a 7/16” steam nozzle. The 
blast pipe to the producer was 12” I.D. The depth of the 
producer fuel bed was 3’ 6”. 

This characteristic is typical of the steam jet blower 
and applies to most of the types now employed in gas 
producer operation. 

The test results given below were recently obtained 
on a modified type of the same blower as applied in a 
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plant containing mechanical producers. The steam noz- 
zle is 9/16”. No blast pipe extends beyond the producer 
bottom. 


At 2000 Pounds 
Coal per Hour 


Steam 


Pressure + Cent. vies a Remarks 
d . eam r 
pry Pounds | Cubic Feet Hxnhad Sienaee 


Steam per Air per 
Pound Coal | Pound Coal 


30 .28 36 12 —10 Steam excess is 


40 <30 40 40 0 based on 4 
50 .40 43 60 7.5 pound steam 
60 46 45 92 12.5 per pound coal. 
70 .53 48 111 20 Air excess is 
80 .60 50 140 25 based on 40 
90 66 52 164 30 cubic feet per 


100 13 54 193 35 pound coal. 


Another defect may be pointed out in the means em- 
ployed to distribute the blast in the producer. In most 
producers the blast is introduced through a pipe, the top 
of which is covered by a single casting or by a series of 
castings of conical shape. These serve the double pur- 
pose of preventing the fuel from falling into the pipe, 
and serve in a way to distribute the air. This blast 
hood is usually located at the center of the machine and 
in most cases is stationary, while the producer shell and 
bottom pan rotate. 

In some cases air is also introduced on the inner cir- 
cumference of the producer shell. In such eases connec- 
tion to the central hood is made at several points. Un- 
der such conditions the top of the blast hood rotates with 
the shell. 

Tests prove that these devices do not distribute the 
blast uniformly over the fuel bed area. They also prove 
that these blast hoods hinder the downward movement 
of the fuel column. 

As a third defect, one that is inherent in practically 
all types of modern mechanical producers now used in 


steel plants, can be mentioned the small height of the 


OE a 
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producer proper, which precludes the use of a deep fuel 
bed (three feet or more). 

Production of the best gas cannot be expected from 
a machine that does not permit the use of a proper rela- 
tion between the steam and air, in which the blast is not 
distributed uniformly, which hinders a uniformity in the 
downward movement of the fuel column, and which does 
not permit of the use of a fuel bed of the proper depth. 

These are the chief limitations that the operator of 
gas producer plants must cope with daily. If we add to 
the above factors such items as coals which vary chemi- 
eally and physically and a variable demand for gas, 
which is an operating condition in practically every steel 
plant, we get a rather formidable group of obstacles in 
the path of fuel efficiency and economy. The operator is 
thus expected to produce results by means of a machine 
which is almost inflexible. Fuel efficiency and economy 
cannot be expected from such equipment under such con- 
ditions of operation. 


ContTROL oF Gas PropucER OPERATION 


Here the question may be asked as to the value of 
the equilibrium diagram. 

The writer is of the opinion that, even if the gas pro- 
ducer foreman knew enough about the chemistry of the 
process to be able to compute equilibrium constants, such 
knowledge would not enable him to produce the best gas 
at high efficiency, at high rate of gasification (50 pounds 
per square foot), because of the obstacles presented by 
the producer construction, variable operating conditions, 
chemically and physically variable fuel, and variable 
load. 

High efficiency demands a gas high in CO, which in 
turn requires a high temperature in the reaction zone and 
a relatively long time of contact between the gases and 
the incandescent carbon. High temperature in the fuel 
bed results in fusion of the ash and therefore in clinker 
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formation, which tends to reduce the capacity of the 
producer and lower the gas quality. 

In order to keep clinker formation at a minimum, 
the operator uses an excess of steam and throttles the 
air and thus cools the producer fuel bed to the point 
which precludes good gas and high efficiency. In spite 
of this, clinkers form in considerable quantity and must 
be barred down by manual force at least once in 12 hours, 
even in the best of our present producers. 

Tests show that in the generation of a gas contain- 
ing but 24% CO, which can be considered as being only 
fairly high, temperatures to and above 2500° F. develop 
in the fuel bed at a gasification rate as low as 25 pounds 
per square foot, as against Mr. Dyrssen’s cited rate of 
50 pounds per square foot. 

At present our best equipped producer plants do not 
gasify more than 20 pounds coal per square foot pro- 
ducer area per hour. The general conditions must be 
favorable indeed where an average of 25 pounds is main- 
tained in daily practice in the production of a fairly good 
gas. 

In this connection it might be of interest to record 
an experiment in which the writer participated some 
years ago on a mechanical producer, which had been un- 
der a continuous working test for three weeks at a gasi- 
fication rate of 20 to 25 pounds, the gas averaging about 
24% CO. Air was blown by means of a fan and steam 
was blown independent of the air. 

The steam quantity was reduced from 0.25 to 0.16 
pounds per pound of coal. In a short time, about one 
hour, the gas quality increased to the following analysis 
—CO, 3%, CO 28.5%, CH, 3.5% and H, 9%.. This 
analysis was maintained for about three hours at a gasi- 
fication rate of 37 pounds. The fuel depth was 3’ 6”. 
After this time the producer gave every indication of an 
excessive temperature in the reaction zone. Clinkers 
had formed to such an extent that the producer was taken 


GAS PRODUCER PRACTICE—SIEBERT 185 


out of service about 5 hours after the beginning of the 
test. 

Water was poured on the hot fuel bed with the view 
of making the clinker removal easier. But this did not 
help much in the breaking process, as the fuel had to be 
shoveled out by hand to the clinker bed, which formed 
a practically solid mass, 6” to 12” thick, that seemed to 
have the density of iron, and extended over the entire 
area of the producer, which was 10’ 6” inside diameter. 
To break this mass of clinker about 6 men were required, 
who with the hardest kind of sledging succeeded in 
removing the clinker mass after working extremely hard 
for 24 hours. 

The operating force was continuously under the 
supervision of engineers and chemists who were expe- 
rienced in gas producer operation. Every effort was 
made to avoid taking the producer out of service, but 
every effort in this direction failed. 

The chemical composition of the best average gas 
from modern plants is about 6.5% CO, 22% CO, 3.5% 
CH, and 13% H.. Its net heat value is about 140 B.T.U. 
per cubic foot. The plant that averages 24% CO is an 
exception and not the rule. 

As a result of these low rates of gasification and the 
relatively low gas quality, we are forced to install and 
operate a great number of producers, and with the num- 
ber of units the difficulty and expense of control are in- 
creased. 

The steam jet blower is the common instrument in gas 
producer control. The characteristic of such a blower 
confines the range of gasification to very narrow limits. 
In this very important factor we therefore do not have 
the flexibility that is required to meet the conditions of 
a variable load and maintain high efficiency. 

To properly control the operation of a gas producer 
it is necessary to have accurate information on the rate 
of gasification, on the amount of air and steam blown, 
and on temperatures and pressure. Also chemical 
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analysis of the gas must be continuous or at least it 
should be made at frequent intervals in order to check 
the operation. But, even with such data at hand, the 
problem of proper control is by no means an easy or 
simple task. 

Perfection in a thermo-chemical field, however, cannot 
be expected from machinery, and if we want good gas, 
at high producer efficiency and with high rates of gasi- 
fication, there seems to be but one way in which that 
result can be secured—the blast furnace type of producer. 


Tue AsH Siacerne or Buast FuRNACE 
Type Gas Propucrer 


In the writer’s opinion, Mr. Dyrssen passed hastily 
over a very important subject in his brief mention of the 
ash fusing type of producer. The unfavorable view of 
the author on the future possibilities of this type of pro- 
ducer is not at all justified, when the matter is considered 
from the standpoint of the limitations of the modern 
mechanical producer. I believe that sufficient evidence 
of the shortcomings of our present producers has been 
given above. 

My stand on the point is absolutely impartial. I 
have drawn on, and recorded above, results of tests by 
various investigators, also the results of tests, observa- 
tions and operations in which I have been more or less 
intimately concerned, which cover practically every type 
of producer now used in the steel industry, and which 
stretch over a period of 15 years. I am merely seeking 
the truth, trying to coordinate practice with experimental 
and chemical facts, which indicate that both efficiency and 
economy must be sought in a direction other than that of 
the modern mechanical producer. 

While there is no slagging type producer in operation 
in America, at least not in steel plants, several types have 
been developed in France and Germany and are in suc- 
cessful operation there at the present time. It can, there- 
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fore, be assumed that this type of producer has passed 
beyond the experimental stage. But even if we assume 
that it has not yet passed beyond that stage, there is not 
a more profitable field for development, and none that 
bears more promise of success. 

In the following table, some figures will be given for 
comparison on rates of gasification, gas analysis, ete. 


OPERATING RESULTS ON ASH SLAGGING PRODUCERS 


Type of Producer S. F. H. sR SB Ra aaa 
Diameter of Producer: 
NUDE cues ere ree ee Rae eae 9’ 6” 8’ 0” 
enrhhe oe 4’ 0” Dy ore 
Pe arse Captor ty a ee te Bituminous Coal Coke Coke 
BUA SOU ton Ae et oe hl Limestone or| Blast Furnace | Open-hearth 
Blast Furnace Slag or Mixer Slag 
Slag 


WORMS at. whee. Ss 54,000 110,000 “66,000 
Fuel gasified per square foot | . 
of area per hour, pounds: 


SUPE PEL CSc aa dents ipa aie Ue i Rea ae Be 61.5 53 Average 
120 Maximum 
rieurtinewers i sak sides 6 180 224 128 Average 


240 Maximum 


volume: 
GUS 22° See eee 1 2 0.6 | 
COrs es Be ctl Sarre canes 31 32 Sono 
(OlE be (tS 5o a eee 6.5 0.5 0.5 
125, ee eee ae a OrO Thess 0.9 
Steam used in blast and : 
point of introduction.... No Yes, above the No 
air tuyeres aoe 
Byprodiiet.¢2 giv ae 40st Pig iron Pig iron ig iron 
Se tence 52 i ee oat ie ae J. Hoffman, H. Markgraf, 
Stahl und Eisen, Stahl und Eisen, 
1910, p. 993 1917, pp. 1120-1145 


The operation of a gas producer is analogous to that 
of the blast furnace. For the latter we keep accurate 
records of the fuel rate, the air blown, blast pressure 
and temperature, and analyses of the materials entering 
and leaving the furnace. 

Relatively speaking, the blast furnace may be adapted 
to different conditions in operation by variation of one . 


188 AMERICAN IRON AND STEEL INSTITUTE, MAY MEETING 


or more of the factors noted above. It therefore lends 
itself to a variable operation more readily than the 
modern mechanical gas producer, in which but one factor 
is flexible—the steam rate. And when that is varied, 
it brings into action other variables which cause undesir- 
able developments in the gasification process. It is, 
therefore, but natural and logical that the blast furnace 
should receive due consideration as a gas producer in 
the steel industry. 

It is claimed that these producers are highly flexible 
and may be adapted to frequent changes in rate of gasi- 
fication and fuel quality without affecting a marked 
change in the gas analysis or in the efficiency of operation. 

These results should not pass unnoticed. Our oper- 
ating conditions are approaching the point where we 
should turn our attention to the efficient utilization of 
inferior fuels, such as coke braize, anthracite screenings 
and the inferior grades of bituminous coal. The use of 
these fuels in suitable producers offers a source of 
economy. 

The ideal in fuel economy of the large steel plant 
will not be attained until we so balance conditions that 
the use of bituminous coal may be confined to the by- 
product coke plant. The use of the byproducts, tar and 
gas, supplemented by the gasification of coke in a small 
number of high capacity units of the ash slagging type, 
would make it possible to materially cheapen the con- 
struction of our open-hearth plants, as gas regenerators, 
complicated ports and reversing valves could be either 
eliminated or at least simplified. 

Such a scheme would have the advantage of a central 
point of gas production and distribution. These gases 
could be enriched at the open-hearth furnace port by the 
use of tar. 

My conclusion on gas producer practice is that we 
cannot improve much on the output or on the quality of 
output from our present mechanical producers without 
getting into operating difficulty. 
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As a result, I am led to the conclusion that the future 
belongs to the gas producer of the blast furnace type. 
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Tue Cuarrman (Mr. John A. Topping): There will be 
a further discussion of Mr. Dyrssen’s paper by Mr. 
EK. A. W. Jefferies; Morgan Construction Company, 
Worcester, Massachusetts. 


Discussion by E. A. W. JEFFERIES 
Morgan Construction Company, Worcester, Mass. 


I wish to endorse what Mr. Chapman has said about 
the merits of this paper. It is the most thorough thing 
that has ever been done, to my knowledge, in the study 
of producer gas. I will go a step further and say that 
it will be regarded as a classic in that industry for many 
years to come, and we should all feel deeply indebted to 
Mr. Dyrssen for his labors. 

One thing, however, I would like to add which is some- 
what at variance with the last speaker, namely, that the 
steam blower today is developed to the point where it is 
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silent; we need have no more of that continuous thunder 
we are accustomed to. The steam blower is now silent 
and so efficient that it is much superior to the turbo 
blower for this purpose. We need not in the future have 
the troubles we have had in the past, to which the last 
speaker referred, in the matter of blowing a gas pro- 
ducer. 

The most forward-looking thing, however, in Mr. 
Dyrssen’s paper, the thing that interests me most, is his 
reference to the use of oxygen in gas producers. To my 
mind the future of the gas industry is involved with the 
development of cheap oxygen; and those of you who 
heard Mr. Dewey speak this morning in discussing the 
paper by Mr. Forbes on The Value of Chemistry in the 
Tron and Steel Industry, heard him say what great things 
could be expected when oxygen is obtainable at $5.00 a 
ton. It is my privilege to say to you, gentlemen, that you 
can have oxygen in large quantities at less than half that 
figure now. 


THe CHarrman (Mr. John A. Topping): The next 
paper, Waste in the Steel Industry, is by H. T. Morris, 
metallurgical engineer, Bethlehem Steel Corporation, 
Bethlehem, Pennsylvania. 


ee OG te 


WASTE IN THE STEEL INDUSTRY 


H. T. Morris 
Metallurgical Engineer, Bethlehem Steel Corporation, Bethlehem, Pa. 


This problem is so broad that nothing even approxi- 

mating detailed treatment could be considered in a paper 
‘brief enough for this meeting; but your Committee has 

suggested that some features of this subject might, with 
advantage, be. brought to your attention. We are not 
attempting here to offer solutions of waste problems, but 
simply, in a general way, to enumerate some of the many 
wastes which are current. 

In the report on Waste in Industry and the recom- 
mendations for Waste Elimination, made by the Com- 
mittee of the Federated American Engineering Societies, 
the Committee has conceived that a given practice is not 
wasteful until a better practice has been revealed; and 
doubtless this conception is allowable in developing 
formulae for application to the immediate diminution of 
waste in directions now quite obvious. 

But I am asking you also to consider that progress is 
possible in the direction of utilizing the tremendous en- 
ergy of matter which, despite our most advanced knowl- 
edge, still remains latent and unused by man, and that in- 
vestigations in that direction merit support. And then, 
TI want to ask you to go with me briefly into some dis- 
cussions of the wastes that we daily meet in the steel in- 
dustry. And finally, I want to draw your attention to 
the question of waste in our human relations as perhaps 
the most important problem of all, not only in our indus- 
try, but in all industry. 

Scientists tell us that, by using the X-rays on the 
same metallic specimen at different angles, they have 
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obtained spectrographs of the interference lines which 
enable them to compute the dimensions and spacing of 
atoms in the crystal unit. They tell us that this erystal 
unit of matter which we call solid is a collection of 
‘‘atoms’’ separated by such great distances as to give the 
impression of points on a wide spaced lattice; and they, 
therefore, call this crystal unit a ‘‘erystal lattice.’’ 

They tell us further that we can no longer consider 
each of these atoms as a solid and indivisible sphere, but 
rather as a sort of solar system within which is an in- 
tensely active group of electrons revolving with great 
velocities about a nucleus, from which the electrons are 
removed at distances as great, relative to their diameters, 
as the distances which separate members of our solar 
system. These electrons are the basic units of all solids, 
liquids, gases, light, electricity and radio emanations; 
each electron being of the same substance as every other 
electron, differing in one form of matter from another 
only by the group arrangement in the various ‘‘atoms.”? 
Moreover, they tell us that the energy used to hold in 
equilibrium these myriads of revolving systems, if it 
could be released, would be a quantity heretofore un- 
imagined. 

Thus it is no longer within the province of thinking 
men to scout the ultimate practicability of things hereto- 
fore deemed fantastic; and if there be enough energy in, 
say, a wheelbarrow load of boiler ashes to produce a 
steel ingot, then in the last analysis we are guilty of 
waste so long as this barrow load of ashes goes to the 
dump. From this viewpoint, the conception of the Engi- 
neers’ Committee, regarding waste, is narrower than we 
can permanently allow. 

While we must always bear in mind the value of con- 
tributions which come from the scientists’ consideration, 
the problem that confronts the operating man is ‘‘know- 
ing what to do next’’; so let us today consider waste 
more particularly from the viewpoint which considers 
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immediate solutions. The wastes I have in mind might 
be generalized into :— 


1—Waste of Energy; 
2—Waste of Materials; 
3—Waste of Men; 


and these wastes may be due to faulty organization, 
which involves faulty planning as well as faulty execu- 
tion. We will call anything waste that adversely affects 
the cost sheet; and we will remember the consumer’s 
cost sheet as well as the producer’s. 

Taking first the more obvious wastes, we find that 
they are being attacked by investigators and experi- 
menters whose work can usually be assigned to one of 
two categories, the substitution of some radically differ- 
ent method or process (we will call workers along these 
lines ‘‘the far lookers’’); or the betterment of existing 
methods or processes (and we will call these workers 
‘‘the near lookers’’). Often the radical change of today 
becomes the practical method tomorrow; and, univer- 
sally, ‘‘the near lookers’’ are daily achieving waste elimi- 
nations by improving existing methods and apparatus. 

Among the more obvious wastes in our industry, waste 
of heat generally makes the most startling impression 
on the engineer who is beginning to study the steel works 
problem. Such heat wastes would include the sensible 
heat of pig iron and cinder just tapped from the blast 
furnaces; the sensible heat in steel just tapped from the 
refining furnace; the sensible heat in coke just pushed 
from a by-product oven; the latent heat of steam, how- 
ever economically the steam be used; the sensible heat of 
steam exhausted into the atmosphere; the waste when- 
ever fuel is burned in air, due to bringing in, heating and 
exhausting four volumes of nitrogen in order to utilize 
in combustion one volume of oxygen; and many other 
less apparent heat losses. 

A radical change in blast furnace practice proposes 
reduction methods at temperatures far below those neces- 
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sary to melt the iron ores. These methods if commer- 
cially successful would dispense with large quantities of 
fuel, limestone and air, and would produce iron at a 
temperature hundreds of degrees below the melting point 
with no cinder at all. Were such a process reduced to 
practice it would eliminate a large part of the blowing 
and heat recovering apparatus. Such methods would de- 
mand, however, fine grinding of the ores, separation of 
the ground iron oxides from the non-ferrous materials, 
and their reduction by gas-borne carbon. The resultant 
product would have to be put in shape for melting and 
conversion into steel ready to cast into ingots. 

Another radical change proposes the electric deposi- 
tion of metallic iron. Electric deposition is commercially 
practiced in the manufacture of certain non-ferrous 
metals; and there seems to be no reason to believe that it 
may not some day be applied to the economical sepa- 
ration of iron from its ores. 

Experiments in concentrating atmospheric oxygen 
foreshadow the possibility that the ‘‘wind’’ blown into 
blast furnaces may some day be largely freed of nitrogen, 
and this would greatly diminish the cost and size of blast 
furnace installations; but it would demand better refrac- 
tories than are now obtainable. 

Even if these plans become the practice of the future, 
immediate problems must be solved by ‘‘the near 
lookers’’ who have taken the little cold-blast furnaces of 
our grandfathers and have in many Ways enormously im- 
proved on them by recovering in hot blast stoves for the 
ingoing blast large amounts of the sensible heat of out- 
going gases, by utilizing large portions of the calorific 
content of these once ‘‘waste gases’’ to furnish power for 
pumping the blast, for handling the charges, for lighting 
the plant and for delivering useful energy to consumers 
outside the plant. Further betterments have increased the 
cubic capacity of the furnace stacks, modified their shape, 
dimensions, methods of charging and systems of oper- 
ation, so as to enormously increase the speed of melting 
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and reduction, with consequent greatly increased fuel 
efficiency. Daring changes in handling and transporta- 
tion methods for both raw and finished materials have 
greatly lessened the labor hours per ton of product. 

The establishment of ‘‘direct metal’’ handling to the 
steel plant and the development of the storage ‘‘mixer’’ 
were important steps toward transforming sensible heat, 
once wasted,-into an asset of initial heat for the steel re- 
fining furnace. Other attacks on blast furnace wastes, 
which promise imminent, good results, are being directed 
along such lines as further conservation of the sensible 
heat in blast furnace products; more complete and more 
efficient regulation of gas-combustion; faster driving 
through improved interior stacklines, and through im- 
proved means of retaining these lines; better preparation, 
sizing and assorting of raw materials; improved material 
handling and transportation; and better refractories. 

Substantial savings have been effected in the current 
century through recovery of gas and valuable by-pro- 
ducts in by-product coking ovens. A field for waste elimi- 
nation exists wherever soft coal is burned before coking 
or is coked without by-product recovery. Further elimi- 
nation of waste in by-product ovens is indicated through 
such means as shortened coking time, better refractories, 
changed oven design, change in coking temperature, im- 
proved by-product recovery methods. The abandonment 
of coke quenching should be an aim, to obtain benefits in 
heat saving, in reduced breakage in transit, diminished 
fragmentation in the furnace and in increased combusti- 
bility. Increased coal storage facilities with resultant 
constancy of mixtures should improve coke quality and 
uniformity. The utilization of fine coke and coke breeze 
ean be made still more effective. More advantageous use 
of coke oven gas is a problem for study and improve- 
ment. Gas that is bled away on week days and gas made | 
on Sundays constitute instances of waste to be overcome. 

There is waste in producer gas, unless provisions are 
made for maintaining constant calorific value, and con- 
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stant rate of delivery to consuming furnaces. Mechanical 
producers have been designed to accomplish these objects. 
Further progress is possible. Trained men are needed to 
direct the operation of even the best mechanical pro- 
ducers, in order to keep waste down to a minimum. Oxy- 
gen enriched air would greatly reduce waste by increas- 
ing the calorific value of the gas through diminution of 
its nitrogen content. 

The modern regenerative furnace and the continuous 
heating furnace, using through efficient burners gas, oil 
or tar, embody methods of combustion and of heat utili- 
zation far in advance of the old direct fired, low roof 
furnace of little more than a generation ago. The mov- 
able car bottom and the electric charging and drawing 
machine have minimized time, labor and heat losses. 
There still seems to be opportunity for improvement in 
heating furnaces, soaking pits, and the like; both in fuel 
economy and in uniformity of heating. 

Waste heat boilers now convert into steam much of 
the heat formerly carried into the stacks of melting and 
heating furnaces. This would seem to indicate that re- 
generative chambers have not yet been developed to the 
ultimate of their heat recovering possibilities. 

Steam turbines using highly superheated steam are 
indicated as heat-waste eliminators. Their development 
is attended by very high temperatures and on that ac- 
count brings problems in strength of materials, lubrica- 
tion and other conditions. 

Internal combustion engines, already developed into 
great fuel savers, have still greater possibilities, whether 
using gas, petroleum or other liquid fuels. 

Next to fuel and labor costs stands refractories cost, 
the third greatest expense in steel plant operation. Waste 


avoidance demands that refractories betterments keep: 


_ pace with other betterments in the steel industry. Prog- 
ress in some metallurgical directions has already been 
halted by the limitations of the refractories, so that, to 
resist the higher temperatures, greater loads and severer 
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abrasion of the near future, very much better refractories 
are needed. 

Refractory bricks have been improved by more dis- 
criminating selection of raw materials, better control of 
kiln-temperatures and heat-distribution, and careful as- 
signment of varying grades of finished product to various 
service. More precautions can be taken to control the 
precise conditions governing brick manufacture, so as to 
insure one brick exactly like another when desired. The 
microscopy of the subject can be advantageously and 
more widely studied and utilized. 

Notwithstanding that much progress toward eliminat- 
ing waste in open-hearth melting was made around the 
beginning of the present century, the past few years have 
seen remarkable efforts towards increased fuel economy, 
through better and quicker combustion more directly con- 
centrated on the charge. American electric furnace de- 
velopments commenced in the current century have, in 
the past few years, rapidly expanded. This has meant 
economies in high grade steel manufacture, and he would 
be rather rash who ventured to deny the possibility of 
economies in commercial steels through further develop- 
ments not yet visualized in this direction. Again it 
should be mentioned that refractories have much to do 
with the possibilities of progress along these lines. 

Investigations into the sequence of the reactions in 
the bath, and of temperature relations to them, have been 
made and published. Progress through time and temper- 
ature control is indicated as possible not only towards 
larger production, but towards accurate achievement of 
desired composition and quality, tap after tap. It would 
make very materially for waste elimination, if every heat 
of metal should be exactly suited for the purpose in- 
tended. 

In the rolling mill field, continuous mills of various 
kinds have worked great economies, and great savings 
may still be expected, both through wider adoption of 
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these devices and through improvement in devices al- 
ready adopted. 

Designs, materials and manufacturing methods, which 
have in the past generation been greatly improved in 
rolls, housings, rollers and roller tables, manipulators, 
guides, drawing mechanism, shafting, gears, and other 
mill accessories, have not yet reached the limit of possi- 
bility. The elimination of break-down delays, far pro- 
gressed in the thirty years just passed, is still a field for 
further effort. 

The way has been blazed for a general saving in driv- 
ing energy, through electrification of main, as well as of 
the auxiliary, rolling mill drives; this makes possible im- 
portant eliminations of waste through many other fac- 
tors, such as abandonment of many boiler plants, of long — 
steam lines with their resultant leakage, condensation 
losses, and high upkeep cost; it enables more rapid roll- 
ing speeds, better control, and saving of human energy 
through smaller crews. 

The ready means of distribution from generator to 
consuming unit suggests examination of the possibilities 
in the electric operation of switching locomotives. The 
centrally located steam driven generating plant would 
appear to be as advantageous for yard work as for long 
distance transportation. Steel plant yard switching pre- 
sents, however, difficulties in power-distribution, which 
need simplification. 

In those heating furnaces which require precise con- 
trol of time and temperature, as in heat treating furnaces, 
the use of electricity insures the desired uniformity and 
temperature range to the treated objects. Waste is 
eliminated whenever the necessity for re-treatment to ob- 
tain desired qualities has been avoided. ; 

The connection of the electric generative systems of 
several isolated plants results in economies due to di- 
minishing the peak loads and rendering the average load 
more nearly constant. It further supplies the combined 
facilities of all the other plants to that plant in which ac- 
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cident has caused a reduction in current output. Further 
economies are indicated by bringing into this connected 
system, the output of generating plants situated near 
water power or other favorable location. 

Mills are achieving through the use of electric lifting 
magnets, electric controls and electric signals to soaking 
pits and rolling mills, and many other well known ways; 
but, doubtless, hitherto unheard of electrical improve- 
ments will enlarge this field. 

Let us now turn from heat and power wastes to some 
of the many wastes of solid and liquid materials. 

Fines of coke, ores, limestone, flue-dust, and the like, 
which are produced in the operation of every steel plant, 
constitute waste unless efficiently utilized. The disposal 
of waste material is also an added wasteful cost. HExperi- 
menters and investigators are at work on these problems 
and you know of sintering methods, of briquetting 
methods, and of other schemes to reclaim materials like 
these. It seems unlikely that the best has yet been 
developed. 

Methods of utilizing blast furnace slag have claimed 
attention. Their most general use is as road-making 
material, ballast, concrete constituent and the like. Cer- 
tain slags have properties valuable in cement manufac- 
ture, and others have fertilizing properties. Much blast 
furnace slag, and still more melting furnace slag, is en- 
tirely waste under our present methods. Heating fur- 
nace cinders have a high iron content, the value of which 
is diminished by their refractoriness and high silica con- 
tent. Fields are open here for the development of better 
uses. 

Metallic scrap goes out with slags from melting fur- 
naces and blast furnaces. Unless recovery of this metal is 
attempted an avoidable waste occurs in each ladle sent 
to the dump. 

Turnings, chips, thin shearings, punchings and trim- 
mings, constitute a waste problem upon which various 
solutions are being tried. They are the bane of the open- 
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hearth man. More recently the tendency has been to- 
wards utilization of this material in blast furnaces. Scrap 
heaps of iron or steel objects, whose future utility is 
doubtful, constitute a source of waste, unless frequently . 
cleaned up and charged for melting and conversion into 
good ingots. Lubricants are often wastefully used, be- 
cause methods for recovery and filtering are neglected. 
Water must be freely used for cooling purposes. The 
expense of pumping and the heat carried away by cool- 
ing-water constitute wastes, to the elimination of which 
study can profitably be directed. 

In ingots, as prevalently designed and east, losses 
occur wherever requirements exist for substantially sound 
and homogeneous finished product, due to the necessity of 
cutting considerable metal from the top end of the ingot, 
which usually figures as serap and not as finished product. 
This waste can often be largely reduced by classification 
of products so that parts of these top discards ean be 
finished into products with less exacting requirements. 
Many devices of more or less value have been and are 
being designed to reduce and localize piping and segrega- 
tion. Various types of fluid compression have been tried. 
Centrifugal casting is being adopted where shape condi- 
tions allow. Retardation of top cooling is a favorite plan, 
but the entirely satisfactory device seems to be still a 
matter of the future. Lower costs, body weight adjust- 
ment, minimized inconvenience and eliminated delays are 
still to be sought for in connection with this problem. 

Numerous other sources of waste, more or less import- 
ant, may be referred to: spillage of many kinds of ma- 
terial from cars and other vehicles; breakage of window 
panes, doors, ete.; losses due to fires among wooden cup- 
boards, wooden shanties, greasy refuse piles, ete.; break- 
ing of electric lamps; theft of electric lamps, tools, and 
many other portable articles; careless treatment and pre- 
mature destruction of tools, barrels, and other containers ; 
bad care of belts, insufficient lubrication of moving parts, 
unnecessary damage to reels and many kinds of equip- 
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ment. The list might be extended to considerable length, 
to embrace many of the other wastes which, like those 
above, can be traced to human carelessness and are, there- 
fore, matters of faulty organization. 

Transportation wastes, within the plant, are frequent, 
due to such causes as delay in loading and unloading cars; 
frequent shifting of partly loaded or unloaded cars, neces- 
sitated by insufficient track space; long distance freights 
both ways on materials which should never have left the 
shops, because of easily discoverable defects. 

Labor saving machinery is still needed to eliminate 
the waste of doing the hard lifting and transporting by 
human labor. Until all the battles against gravity and 
inertia are conducted by efficient machines there will re- 
main some wastes to be eliminated. 

Where large numbers of the same article or ee are 
to be made day after day, ‘‘single-purpose’’ machines 
have been developed with remarkable resultant econ- 
omies. The ‘‘single-purpose’’ idea has been expanded 
to entire plants, as seen in automobile manufacture and 
in some lines of the steel business. The wider adoption of 
this idea in the steel business is indicated as a trend in the 
future anti-waste campaign. 

Rust has been a universal waster wherever iron or 
steel is found. The problem has been attacked in vari- 
ous directions; and almost carbonless irons, copper alloys, 
nickel alloys, chromium alloys, ete., have been developed. 
Doubtless, this source of waste will some day be largely 
eliminated in many different applications of iron and 
steel. 

Wherever a pound of metal is used when a fraction of 
a pound could be made to answer, waste is indicated. In 
the eurrent century, commencing with the development in 
the high speed cutting ability of tool steel, remarkable 
progress has been made in the broadcasting of heat treat- 
ing knowledge and in its application to a growing range 
of alloyed steels, so that the secret methods and composi- . 
tions known before 1900 only to armor plate makers and 
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a few others, are now widely employed in many com- 
mercial grades of steel. An army of scientists, investi- . 
gators and experimenters are working in the territory of 
heat treated special and alloyed steels, towards the elim- 
ination of waste by reducing weight and, doubtless, 
much progress is still to be made in these directions. 

Standardization is a valuable device in fighting waste. 
The term suggests a wide field which can here be only 
briefly indicated. If a number of electric motors be of 
the same size and make, one or two spare armatures will 
suffice for the lot. In similar manner, spare parts of all 
kinds can be materially reduced by extensive standardi- 
zation. In the case of tool equipment, standardization re- 
duces the required number of patterns, dies, rolls, or 
apparatus. The instinct of standardization leads to the 
wide adoption of processes locally determined to be ex- 
cellent or valuable. Standardization of methods of 
sampling, testing, ete., enable just and intelligent com- 
parisons of operation, and the consequent betterment of 
poor practices. Standardization of finished material 
specifications enables the producer, and the consumer, to 
talk the same language. 

Inasmuch as the organization is largely responsible 
for many of the wastes that occur, and as personnel is the 
important factor of organization, often more important 
than the equipment, it seems clear that the personnel of 
the steel plant is one of the largest factors to be con- 
sidered. 

The aim of the organization throughout should be to 
maintain fair, just and sympathetic relations with all 
employees. It should establish conditions under which 
each employee may retain his self-respect and realize that 
he is a necessary link in the chain. Loyalty and pride 
of occupation should be encouraged and the old morality, 
should be revived, under which the normal conscience in- 
sisted that each task be well done. The rule that fair play 
should always obtain and that increased compensation 
should follow increased service should be faithfully and 
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cheerfully applied. Good ventilation, good lighting, and 
provision for sanitary comfort should be provided, and 
every possible precaution for health and safety should be 
taken. Only when conditions of this kind prevail can the 
maximum elimination of waste be obtained. The edifying 
influence of clean and neatly kept surroundings, yards, 
roads, footpaths, buildings and enclosures, reacts to their _ 
benefit on the men who work in them. 

It is a wise organization which realizes in the selec- 
tion of its gang-foremen that they should be men, not only 
technically schooled, but trained to carry on with the de- 
seribed standards of action. Such an organization chooses 
its superintendents, advisors and executives from those 
trained gang-foremen who have shown their ability to 
get along with men, as well as to produce goods. 

Coordination of effort is an organization problem. 
When the loading is ready, the car should be placed; when 
the car is loaded, it should be moved; when the car is 
delivered, it should be unloaded; when the goods are 
unloaded, they should be applied as intended. If the 
materials are highly heated, like molten pig iron, such 
coordination is of still greater importance. When quan- 
tities are regularly handled, definite schedules should be 
applied where practicable. Means of prompt communi- 
cation between distant parts of the works are great aids 
in avoiding delays; just as means of communication be- 
tween more distant points facilitate transactions. Intel- 
ligent lay-out of buildings, tracks, crane-runs and trans- 
port, are important functions of the organization which 
bear directly on the waste problem. 

; Selection and consistent use of proper materials; 

discipline to the end that each and every time each detail 
of operation be certainly and properly performed; careful 
inspection of finished material, and rejection of that which 
is wrong in quantity, size, shape or condition; these are 
some of the duties of the organization aiming to avoid the 
waste of time, money and good will; such as occurs, for 
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instance, when the consignee receives goods that are not 
as ordered and not as he needs them. 

Pieces called scrap, when designated for one purpose, 
may be useful if applied to another purpose. The organi- 
zation which develops new uses for ‘‘scrap’’ and ‘‘ref- 
use’’ material makes great headway in waste avoidance. 

Often processes must be modified and equipment 
scrapped and replaced to avoid waste. The organization 
has here to make decisions, not always obvious, which 
produce effects of great magnitude. The same great 
weight attaches to decisions of the organization to adopt 
new processes and to establish new equipment. 

Wastes occur if the organization fails to eliminate 
wrong practices, establish correct ones, search out the 
concealed, expand upon sudden demand, curtail to inflict 
the least distress, and coordinate every effort. In fact, 
the organization, which reaches from the bottom to the 
top of the personnel, is the big factor in the waste 
problem. 

Any consideration of industrial waste is incomplete 
that stops with the engineering problems encountered in- 
side the plant. A large part of the life of every employee 
is lived outside of this jurisdiction, and his major inter- 
ests also lie outside. His family and his friends share in 
his recreations and in his spiritual life, as they do not 
share in his working life. It is in these fields that the 
groundwork is laid for his contentment or his discontent. 
If he can feel assured of his ability to feed, clothe, house, 
educate and maintain respect for his family, his own self- 
respect will be the force producing honest work and loyal 
service in his industrial relations. If he can be assured 
that honest work and loyal service will result in old age 
security for himself and his dependents, worriment will 
fail to diminish his health and his usefulness. 

With these thoughts in mind it becomes clear that a 
complete anti-waste program should include consideration 
of matters that affect the worker in his home life and in 
his community life. During the great war some indus- 
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trial firms established commissaries within their plants 
to protect their workers from exorbitant charges for food- 
stuffs, clothing and similar necessities. The principle 
could be well defended that it is a detail of the employer’s 
peace-time business to oppose the same oppressions of 
the workers. Continuing this thought the conclusion 
naturally follows that, because they so vitally affect the 
personnel, matters like the correct administration of the 
public schools and of the local and general governments 
are inevitably the concern of industrial management. 

The battle against waste will have progressed far for. 
ward when all industry shall follow the lead of a large 
part of the steel industry in welfare work, ‘‘safety first’’ 
provisions, workmen’s participation in management, serv- 
ice-retirement pensions, establishment of attractive homes 
and villages and other attacks on the waste of men. This 
leads us to the thought that we and all industry should 
further include, as a part of our technical anti-waste prob- 
lem, the study and furtherance of such waste antagonists 
as nation-wide thrifts, forest fire protection and forest 
renewal, and perfection of transport systems. 

There is one large subject of first importance to the 
waste problem, to be touched upon but briefly here be- 
cause it has also a large sociological bearing. I refer to 
unemployment. The Engineers’ Committee discusses un- 
employment due to strikes, lockouts and business depres- 
sions. The problem deserves our continuous and most 
serious thought. It seems evident that it can be solved 
only after the stabilization of costs and prices. The 
permanent stabilization of costs and prices can only be 
accomplished through the yielding by one group of its 
selfish advantages over another, and preceding this solu- 
tion there must be a nation-wide dissemination and accep- 
tance of sound economic principles. 

Tf this enumeration of the various phases of waste in 
industry shall, by suggesting new points of view, direct 
fruitful thought to the problems involved, the purpose of 
the paper will have been accomplished. 
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Tne Cuarrman (Mr. John A. Topping): The paper, 
Waste in the Steel Industry, will be discussed by Mr. 
J. V. W. Reynders, consulting engineer, of New York 
City. 


Discussion by Joun V. W. Reynpers 
Consulting Engineer, New York, N Y. 


Mr. Morris has indicated comprehensively the large 
field that is open to the operating staffs of steel works 
and it would be hard to find a better guide for works com- 
mittees to follow in laying out a systematic program for 
the elimination of preventable wastes. 

The impression left upon my mind in listening to the 
paper is the wide gap between what might be termed the 
efficiency of the industry within the works enclosure, and 
the comparative lack of it without. 

In the one case the problems and remedies are within 
the scope and control of the management, but in the other 
the larger forces of economic cause and effect play havoe 
frequently with the reasonable development of well con- 
ceived plans. 

The well known tendency of steel production to fluctu- 
ate from year to year has been accentuated as the result 
of post-war readjustment and the dynamic effect upon 
the financial structure of the industry will be appreciated 
when it is realized that the sales value of finished steel 
products between the years 1920 and 1921 dropped from 
over three billion dollars to six hundred million dollars, 
or as 5 to 1. 

It is unlikely that you or I will ever again witness so 
great a change of conditions from one year to another, 
but always there will be large variations in any industry 
in which supply must adjust itself to demand, resulting 
in a combination of either low prices and small outputs 
or high prices and large outputs. 

In agriculture, due to consumptive needs, low produc- 
tion is compensated for by high prices, and large erops by 
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low prices, with the result that the product of price by 
output is a fairly constant quantity. 

The steel industry, with its huge machinery capable 
of producing upwards of 50 million tons of ingots, and 
its great army of workers, remains subject to violent 
fluctuations out of all keeping with its ponderous pro- 
portions, 

Any preventable cause that is allowed to accentuate 
the peaks or the low points in the curve of production 
must be characterized as a waste of opportunity. 

The three outstanding influences under this heading 
are summed up under interruption to transportation, in- 
terference with fuel supplies, and maladjustment in the 
number of men to perform the day’s work. 

The effect of arbitrary interference with the trans- 
portation facilities of the country is manifested first in 
the scarcity of fuel and to that extent the remedy is the 
same as would apply to the cessation of work in the coal 
industry. 

The problem of the cost and practicability of coal stor- 
age has no doubt received careful investigation on the 
part of steelmakers, but the opportunity is now presented 
to co-operate with the Government in studying the ques- 
tion on broad national lines. 

Among the many constructive policies advanced by 
Mr. Herbert Hoover is that of the stabilization of the 
coal industry, and largely at his instigation the United 
‘States Coal Commission, under the chairmanship of 
Mr. John Hays Hammond, is organizing a sub-committee 
to make a thorough study of coal storage. It will 
be useful to the steel industry to co-operate in this work, 
not only because of the importance of the subject to the 
industry directly, but because it is necessary that con- 
sumers of steel be provided with fuel as well as the pro- 
ducers. It would serve no useful purpose to provide 
against a fuel shortage in the steel industry, unless the 
consumers of steel were likewise safeguarded against in- 
terruption. 
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The adequate storage of fuel at points of consumption 
will tend largely to eliminate the most serious danger 
point in our industrial structure, and it may well develop 
that a reserve of fuel, stored under conditions that will 
minimize loss of quality, will be regarded as just as much 
of a necessary fixed plant asset as the boiler plant or 
the furnaces. 

I have available some interesting preliminary statis- 
tics bearing on the storage of coal as it affects the steel 
industry, but I will, in view of the time limit imposed, 
ask your leave to print. 

I will add just a word on the subject of immigration, 
believing that I voice the general sentiment of the indus- 
try, when I say that the admission of foreigners to the 
United States, who are ethnologically or temperament- 
ally unfit to be absorbed in our population, is not only 
economically unsound but thoroughly objectionable on 
patriotic grounds. 

It is true, nevertheless, that we are faced with a seri- 
ous waste of opportunity if we do not solve the problem 
of doing the nation’s day’s work as the day’s work is 
presented to us to do. 

Some years ago we were faced with a currency sys- 
tem so inelastic that the mere expansion of business re- 
sulted in panics and depression. We wasted our oppor- 
tunity in refusing to adjust our financial structure to the 
varying degrees of commercial activity. At present the 
value of our gold reserve is multiplied tenfold because’ 
it forms the foundation of a currency which is responsive 
to the needs of business. 

We should stand ready to regard American labor as 
the true gold of our industrial structure, but in its own 
defense and in the interest of stability of prices and of 
living costs, means should be devised that will provide 
elasticity when conditions demand a larger national day’s 
work than there are men to perform it. 

It has occurred to me that the annual quotas now per- 
mitted might well be made cumulative, so that an unused 
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quota of one year, applying to any particular country, 
might be available in a succeeding year, and thus diminish 
the chances of unbalanced quotas from less desirable 
countries, which now defeat the objects of the law as 
drawn. 

It is felt by those who have studied the question of 
immigration that the method of selection has changed to 
our disadvantage. The earlier types of immigrants were 
men of outstanding initiative, ready to take fate into 
their own hands. Today the selection too often is made 
by the lowest types of steamship agents whose only in- 
terest is the scalping of a commission. It would seem to 
be unanswerable that any other method of selection would 
be an improvement. 

It is not my purpose to enter into any of these sub- 
jects in detail, but merely to remind the industry of the 
great heritage of our natural resources and of our for- 
tunate industrial world position. Waste is a natural con- 
comitant of plenty and of all preventable waste the 
saddest is the waste of national opportunity. 


APPENDIX 


MEMORANDUM ON THE STORAGE OF CoaL BY STEEL 
CoMPANIES 


General statistical information on coal storage is 
furnished by the coal stock reports published by the 
United States Geological Survey. The following data 
derived therefrom refer especially to steel companies. 

The steel industry, next to the railroads, is the 
largest single consumer of coal. The railroads take 
about 150,000,000 tons of bituminous coal yearly. The 
steel industry absorbs, either in the form of coal or the 
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coal equivalent of coke, about 100,000,000 tons. Of this, 
about 35,000,000 tons is gas and steam coal and 65,000,- 
000 tons is coking coal. 

That part of the coke consumption of the steel indus- 
try which is supplied by beehive coke raises no problem 
of coal storage. That part of the coke supply derived 
from byproduct ovens does involve coal storage and is 
an increasingly important part. Indeed the shift from 
beehive to byproduct coking means that we must increase 
the actual tonnage of raw coal in storage at the point 
of consumption in order to maintain the same number 
of days’ supply on hand. 

Byproduct coke passed beehive coke in per cent of the 
total output produced during the year 1919. In that 
year, 57 per cent of the merchantable coke came from by- 
product ovens and 438 per cent from beehive ovens. In 
the last three years the percentages have been: in 1920, 
byproduct 60 per cent, beehive 40 per cent; in 1921 and 
1922, byproduct 78 per cent, beehive 22 per cent. It is 
likely, however, that the importance of beehive coke will 
be relatively greater than indicated by this percentage, 
for in 1921 the business was greatly depressed and in 
1922 the strike of the Connellsville miners cut deeply 
into beehive operations. At present therefore we may 
put down the coal requirements of the steel industry as 
follows: 35,000,000 tons of gas and steam coal; 38,000,- 
000 tons of byproduct coking coal, high and low volatile ; 
27,000,000 tons of coal to be used at the mine for beehive 
coke. 

A factor that encourages the storage of coal by the 
steel industry is that its units of operations are large 
and its coal consumption for each unit large. The con- 
sumption of the byproduct coke industry (including mer- 
chant plants not directly associated with steel works) 
is from 35,000,000 tons to 45,000,000 tons a year, and this 
enormous tonnage amounting to 8 per cent of the entire 
output of bituminous coal is concentrated at 71 plants. 
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The consumption of gas and steam coal by the steel 
industry is also concentrated in large tonnages to be laid 
down at single points, though the concentration is not as 
marked as in the case of the coking coal. The 39,000,000 
tons of gas and steam coal are used at approximately 300 
plants. Only the very largest of the public utilities and 
some of the heaviest general industrial plants can com- 
pare with the steel industry for concentration in con- 
sumption. 

This fact acts both to encourage and to discourage 
storage by the steel companies. It means that the stock 
pile must be a very large one and that, of course, makes 
it possible to install the most modern coal handling 
equipment. But it:also means that the steel company 
must solve the two objections most commonly raised to 
storage, the danger of spontaneous combustion and the 
space required. 

Examination of the figures of stocks of coal actually 
earried by steel companies is a convincing refutation of 
the belief held by some that storage is impracticable. 
The attached tables show for a number of different dates 
the total tonnage of byproduct coking coal and the total 
tonnage of gas and steam coal on hand at steel works 
and byproduct coke plants. Not all the byproduct coal 
shown in these tables is the property of the steel industry, 
but the great bulk of it is. 

On January 1, 1919, at the end of the war period, 
when storage had been urged upon all as a part of the 
military program, the byproduct plants carried a reserve 
of 3,469,000 tons, and the plants using gas and steam coal, 
a reserve of 3,545,000 tons. This was 12 per cent of the 
total quantity in commercial storage on that date. 

In anticipation of the great strike of 1922, the byprod- 
uct coke companies had accumulated a reserve even 
larger (3,630,000 tons) and the reserve of gas and steam 
coal was 2,605,000 tons on that date. Even after the 
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strike was over, so carefully had the steel companies 
guarded their supplies that there remained 1,535,000 
tons of byproduct coal and 819,000 tons of gas and steam 
coal. 

The latest advices on coal stocks are for March 1, 
1923, and on that date the byproduct plants had in stor- 
age 2,876,000 tons and the plants using gas and steam 
coal, 2,018,000 tons. Together the two groups had 14 
per cent of the total stock at that time. 

Storage as insurance against interruption to coal sup- 
ply has become the accepted policy of some of the largest 
producers of steel. That all steel makers do not follow 
the practice to the same degree, is indicated by the fact 
that on March 1, 1922, when the average for gas and 
steam coal was 48 days’ supply, there were six plants that 
had less than a week’s reserve, ten that had between one 
and two weeks’ reserve and a total of thirty-seven that 
had less than a month’s supply. These were no doubt 
the plants that were in distress before the great strike of 
the bituminous miners of 1922 had been settled. 

At the other end of the picture there were on that 
date (March 1, 1922) at least eleven plants that had over 
six months’ reserve of gas and steam coal on hand. The 
reserve carried by the greatest number of plants on that 
date was 65 days’ supply. 

This indicates that in storage of coal, as in so many 
other things, what we have to work toward is raising the 
practice of the less progressive units up to the standard 
of the best units. If all consumers, situated as are the 
steel makers, would carry reserves as large as the best 
practice already adopted by the steel industry, we should 
be able to weather the recurring crises in coal supply 
without the embarrassment of Government priority and 
the consequent interruptions to the ordinary contract re- 
lations of shipper and consumer. 


In developing a wiser national economy in coal, one 


WASTE IN THE STEEL INDUSTRY—REYNDERS 213 


of the things that needs study is the cost of storage. We 
have had much discussion of the technology of storing 
coal, but there are few authoritative studies of the cost 
and the financial advantage involved. The report of the 
Coal Commission will contain reference to this subject, 
but it is one on which activity by the consumer himself 
is advisable. Cannot the steel industry share with the 
rest of the consuming public its experience with stor- 
age? Can we not have its costs of installing the neces- 
sary facilities; its carrying charges on coal in stock pile; 
its losses through degradation or fire; its costs of re- 
claiming from storage? Cannot we have also its estimate 
of the advantages, if any, derived from storage? What 
has been the saving in avoiding purchase of coal when 
the market was unsettled and the spot price high? What 
saving can be expected by purchasing in the summer time 
during the dull season when the spot price commonly 
drops below the contract level and storing against the 
winter period when coal is in short supply? What money 
value can be set upon the insurance against interruption 
and shutting down of blast furnace or rolling mill or by- 
product coke plant for lack of coal? Studies along these 
lines are likely to yield the most convincing arguments 
in favor of storage. 

The largest stock of byproduct coal and of steam and 
gas coal on hand at any plant, March 1, 1922, was: 


Largest single reserve of gas and steam coal..... 255,000 tons 
Largest single reserve of byproduct coking coal.. .405,000 tons 
The above figures represent stocks at single plants 
or groups of plants so close together as to have a com- 
mon source of supply, not the stocks of an entire com- 


pany. 
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STOCKS AT BYPRODUCT ever io AND STEEL WORKS, 


The Table shows number of plants reporting specified number of days’ supply. 


Number of 
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DAYS’ SUPPLY OF lel ON HAND AT BYPRODUCT COKE PLANTS AND 
TEEL WORKS BY KIND OF COAL 


Ta $$ 


Byproduct Coal Steam and Gas Coal 
ati L High S$ G 
Volatile | Volatile | Average | “Gear Coal | Average 

1922 
January 1......... 54 38 42 41 58 48 
March) d Weve as. 55 34 39 42 56 48 
September 1....... 17 10 11 14 10 12 
October’ l:........ 16 13 14 18 15 i ME 
November l....... 17 19 18 21 22 21 

1923 
SANUANY: 1h ey 14 20 19 24 30 27 
Hebruary Leo. «5 16 21 20 30 23 26 
Maroeh’ 1... 6.4% uy 19 19 30 23 26 
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AVERAGE NUMBER OF DAYS’ SUPPLY OF COAL ON ee 
COKE PLANTS AND STEEL WORKS A a ele 


ee es ee ee eee 


Average Number of Days’ Supply 
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COAL IN STOCK AT ash aia s COKE PLANTS AND IRON AND STEEL 
RKS, IN NET TONS 


Date Biuppoduet Gas padisyentn 
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THe CHatrman (Mr. John A. Topping): The next 
paper, The Disintegration of Firebrick Linings in Iron 
Blast Furnaces, will be presented by Mr. C. E. Nesbitt. It 
was prepared by Mr. Nesbitt and Mr. M. L. Bell, research 
engineers, Edgar Thomson Works, Carnegie Steel Com- 
pany, Pittsburgh, Pennsylvania. 


THE DISINTEGRATION OF FIRE BRICK LININGS 
IN IRON BLAST FURNACES 


C. E. Nespirr anp M. L. Betu 
Research Engineers, Carnegie Steel Company, Pittsburgh, Pa. 


The purpose of this investigation was to determine 
the extent, position and character of the disintegrated 
bricks in blast furnace linings after service, to make 
experiments which might show the cause of disintegration 
and to try preventive or remedial measures to reduce 
or prevent disintegration. 


DESCRIPTION AND OCCURRENCE 


Disintegration as applied to iron blast furnace linings 
is a term used to describe a cracked, shattered or erumbled 
condition of some of the bricks found in a used lining. 
The degree of disintegration may vary in different linings 
from a few cracked bricks to those in which all resem- 
blance to a brick has been lost and only a coarse, sandlike 
material remains. Such material is gray or almost black, 
contains black spots of soft carbon and crumbles easily 
in the fingers (see Figs. 1 and 2). 

Disintegration, while varying in type and character, 
will generally occur as a vertical band or zone of broken, 
crumbled bricks not quite parallel with the inner face of 
the lining, but gradually approaching the steel shell as 
it extends down the furnace, reaching at times from the 
top of furnace to below the mantel. In different linings, 
or even in the same lining, the zone may vary from a few 
inches to more than a foot in thickness (see Figs. 3 and 4). 

In a single furnace, disintegration may be found at a 
certain level only to disappear at a lower level, possibly 

to reappear on the opposite side of the furnace. Besides 
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Fig. 1—Brick disintegrated in service. The effect of localized iron in the 
original brick is shown by the carbon deposits around each iron spot. 


occurring more or less locally, the occurrence is further 
complicated by the fact that a good or perfectly sound 
brick is often found among bricks completely disinte- 
grated or the opposite happens and a broken, shattered 
brick is found among good bricks (see Fig. 5).. 

The carbon found in disintegrated linings is usually 
of a soot-like nature distributed throughout the brick 
in spots varying in size from those hardly visible to 
others of one-half inch or more in diameter. At times 


Fig. 2—Completely disintegrated brick taken eighteen inches from the inside 
face of a blast furnace lining, twenty-five feet from the top of the furnace. 
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the carbon is hard, partly graphitic in character, radiat- 
ing from a small dark spot at the center. If these carbon 
spots are picked out and tested with a magnet they will 
be found weakly magnetic, indicating the presence of iron. 

As no two furnaces are operated exactly alike, nor 
are the burden and quality of bricks exactly the same, it 
follows that disintegration differs in different linings. 
Linings in ferro-alloy furnaces have a shorter life and 
show greater disintegration than those making iron. 


Fig. 5—Sound brick (A) surrounded by disintegrated bricks in a blast furnace 
; lining. 


The greater coke consumption gives a higher tempera- 
ture and a greater volume of gases. The gases them- 
selves differ. The gas from the top of a furnace making 
ferro-manganese is 50 per cent. higher in carbon monoxide 
than that from an iron furnace. Disintegration seems to 
be greatest from 40 to 50 feet from the top of furnace, 
and appears to be more prevalent today than it was 15 
to 20 years ago. 

A furnace is not often blown out solely because of 
disintegration, but disintegration may easily be a con- 
tributing cause. When a furnace develops a ‘‘hot spot”’ 
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Fig. 4—Zone of disintegration (B) in a blast furnace lining, fifty-five feet from 
top of furnace. A shows the inner face of the lining. 


Fig. 6—View looking down into blast furnace after blowing out. 
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or, In other words, when the lining at some point has 
become so thin that the steel shell is no longer sufficiently 
protected, the furnace is blown out. Examination may 
reveal the lining to be sharply eroded at a point where 
the hot spot developed. If the cut is abrupt and sharp, 
disintegration will very likely be found. All linings do 
not develop marked pockets but most of them do cut out 
rather abruptly just below the middle inwall and if the 
lining is developing a disintegrated or crumbled condi- 
tion, the entire lining may fall out at that point (see 
Fig 6). 


Previous INVESTIGATIONS 


Disintegration of refractories and the action of carbon 
monoxide in iron blast furnaces have been studied by a 
number of investigators, among whom are Sir Lowthian 
Bell, Pattison, Firmstone, Lurmann.and Osann. These 
various investigators have advanced explanations to 
account for the peculiar behavior observed. 

A considerable amount of data has been reported 
from the study of the reactions of carbon monoxide with 
various metals and oxides. Sir Lowthian Bell found 
ferric oxide was deoxidized by carbon monoxide accom- 
panied by a deposition of carbon at all temperatures 
between 150°C. and a bright red heat. Deoxidation and 
carbon deposition were at a maximum at about 417°C. 
Bernhard Osann found that when iron ores were subjected 
to carbon monoxide between 430° ‘and 500°C. carbon 
was deposited. While Osann did disintegrate a few frag- 
ments of bricks, he was primarily interested in the re- 
duction of iron ores and did not apply his finding to 
bricks. 

The presence of unusual amounts of various sub- 
stances, found in the analysis of bricks after service, 
has been offered to account for their failure. 

Some experimenters have attributed disintegration 
to the presence of zine and lead or their oxides. Appar- 
ently neither lead nor zine cause failure by disintegra- 
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tion. These metals are often found in bricks, but mainly 
in the cracks already opened by disintegration or in the 
joints between the bricks. In the case of lead, it is 
principally found in globules in the metallic state. The 
retorts and condensers used in the zine industry do not 
disintegrate, although they absorb zinc to a much greater 
extent than any bricks in a blast furnace lining (see Fig. 
7). The presence of alkalies has been suggested as a 
cause for disintegration, but the alkalies are volatilized 


Fig. 7—Unused (A) and used (B) sections of zinc retorts. In service, B 
absorbed twelve per cent of zine without disintegration. 


by the furnace heat and combine with the bricks where 
the temperature is high and where there is little, if any, 
disintegration. Bricks taken from used linings have 
shown more than 10 per cent. of alkalies and were not 
disintegrated. 

Furnace bricks do change in composition in service. 
In Table A a number of analyses of fire bricks, before 
and after service, are shown. The samples after ser- 
vice were taken from the highly heated end of the bricks 
after about 3 inches of the inner face of the brick 
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had been removed. While these bricks had undergone 
a marked change in ferric oxide and alkalies, and had 
absorbed carbon, none were disintegrated. Analyses of 
bricks from the center or cooler portion of the lining 
showed little change in composition other than having 
absorbed carbon, yet they were badly disintegrated. 


TABLE A.—TYPICAL ANALYSIS OF IRON BLAST FURNACE BRICKS, 
BEFORE AND AFTER SERVICE IN AN IRON BLAST FURNACE. 


After 5 Years’ Service; Distance 


Before From Top of Furnace 
Service 
55 Ft 65 Ft. 15 Ft 

AIDS ee ch Gra alas So bio avie « 1 2 3 4 
PRIOR TOs Povies eS ct Ss cs ae 57 .64 44.74 44.70 41.40 
Ferric oxide (Fe,O;)......... sa 2.88 3.14 3.75 
Alumina (Al, O3) -.......... 41.17 34.25 36.385 34.23 
PAPE CAINS. solic wn vm - .o2 1.46 2.50 .70 
Magnesia (MgO)........... 24 .20 Pow 18 
hihi i yO Rae ees eee all 2.11 1.98 
Potassium (K20)............ .62 4.91 | 7.97 6.90 
modim (NasO)ao. one conan 10 7.82 1.83 6.16 
@arnone (Clipe corel tis 6s )euecn 0,4 .25 .85 4.58 


Our INVESTIGATIONS AND RESULTS 


The fact that disintegrated bricks are darkened in 
color by the presence of carbon, and that where most 
highly colored the most disintegration occurs, points to 
the importance of studying the source from which the 
carbon is obtained. 

If a brick contains free or loosely combined ferric 
oxide, large volumes of carbon will be deposited when 
carbon monoxide is passed over the bricks between cer- 
tain temperature ranges. When this reaction is carried 
on within the body of a brick a disruptive force is pro- 
duced sufficient to fracture the brick. Such a reaction 
would produce all the characteristics of brick failures 
in furnace linings. It remains, therefore, to determine 
in what form the iron must exist, and the conditions most 
favorable for carbon deposition. 

In the examination of a furnace which had been run 
on ferro-alloys for 16 months, the lining was found to 
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be badly disintegrated from the top to the bottom. ‘he 
zone of disintegration could be distinctly traced from 
the top of the furnace where it was only a few inches 
back from.the inner face, to the lower levels where it was 
35 inches from the inner face at 55 feet from the top of 
the furnace (see Fig. 4). Such a condition pointed to 
the importance of temperature as affecting disintegra- 
tion. In addition, the carbon monoxide in the ferro fur- 
nace was 50 per cent. higher than in an iron furnace. We 
believed the concentration of the carbon monoxide had 
an important influence on the rate of disintegration. 

To produce disintegration in the laboratory we began 
by exposing bricks to blast furnace gas from a few min- 
utes to several hours and at temperatures from 350° to 
1000°C. We also made some experiments using steam 
and hydrogen alone, but none of the experiments gave 
promising results. We learned later in the experiments 
with carbon monoxide or with blast furnace gas that 
considerably longer exposures were required with careful 
regulation of the temperatures between 420° and 470°C. 

It was found that when using blast furnace gas con- 
taining from 20 to 25 per cent. of carbon monoxide the 
action on the bricks was very slow. If a gas containing 
90 per cent. of carbon monoxide be employed, a brick 
susceptible to disintegration could be shattered in from 
6 to 10 hours. 

Tests were begun by passing the gas over ferric oxide 
contained in glass test tubes. It was found that carbon 
could be deposited in a short time upon the oxide at 
temperatures beginning a little above 300°C. The rate 
of deposition increased with increasing temperatures 
up to 500°C. when the rate decreased and almost stopped 
at 525°C. The greatest carbon deposits were obtained 
by slowly raising and lowering the temperatures between 
420° and 470°C. Carbon deposits have been built upon 
small amounts of iron ore by this means during a 10 
hour exposure, until the resulting volume was approxi- 
_ mately 70 times that of the original ore. Fig. 8 shows 
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the effect of exposing pure ferric oxide, contained in 
test tubes, to carbon monoxide for varying periods of 
time at a temperature of 450°C., and illustrates the in- 
crease in volume which may be obtained with even com- 
paratively short periods of exposure. In studying the- 
reaction resulting in the deposition of carbon, the ferric 


Fig. 8—Increase in carbon produced by passing carbon monoxide at 450° C: 

over one-half gram of ferric oxide for different periods of time. 1, original 

ferric oxide; 2, after 15 minutes; 3, after 30 minutes; 4, after 60 minutes; 
5, after 90 minutes; 6, after 180 minutes. 


oxide appears to be reduced to a lower oxide or possibly 
spongy metallic iron. The oxide, or the reduced products, 
acted as a catalyzer, breaking up the carbon monoxide 
by the reaction 2CO—CO.+C. The reduced oxides or 
metallic iron are in an unstable state and seem to 
exist only in a certain form at a certain temperature 
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range which is so narrow that it can not be constantly 
maintained without great difficulty. This supposition is 
borne out by the fact that a much larger carbon deposit 
can be obtained by fluctuating the temperature over a 
narrow range. When carbon monoxide is passed over 
ferric oxide at the proper temperature, the oxide quickly 
turns black and, if cooled in an atmosphere of carbon 
monoxide, is found to contain magnetic iron and carbon. 
If, however, it is cooled rapidly in the air it glows like 
burning soot and ferric oxide, magnetic oxide and car- 
bon are found. 

In order to test regular full-size bricks, a rectangular 
cast iron ‘box sufficiently large to hold twelve 9-inch 
bricks was made. The box was equipped with a close- 
fitting cover which could be sealed gas tight with refrac- 
tory cement. Gas pipe connections enabled gas to enter 
at the upper corner of the box and escape at the diagon- 
ally opposite lower corner. The sealed box could then be 
placed in a gas fired furnace and uniformly heated, while 
the carbon monoxide gas, was being passed through it. 
The carbon monoxide was prepared by generating carbon 
dioxide by the action of hydrochloric acid on limestone 
and then passing this gas over red hot charcoal in a tube 
in a combustion furnace.:By this means a steady stream 
of dry carbon monoxide could: be ‘maintained. A typical 
analysis of the gas entering and leaving the disintegrat- 
ing chamber is as follows: 


ENTERING LEAVING 
Carbon monoside: ia... ; 50s <soweea cis 92% 51% 
Carbon dioxiden 224s’ ass, REC 2% 29% 
Higdtoman:, 5.4.5 Sa saues cee teks 3% 10% 


Nitvowen: 2s daits ovate ta eee eee 2% 10% 


HKrrecr or Ferric Oxipr anp OruEr Iron Compounps 
on DiIsInTEGRATION 


A study of the effect of ferric oxide or other iron 
compounds necessitated the preparation of special brick 
with known amounts of ferric oxide or such compounds 
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as may be converted into ferric oxide in burning the 
bricks. 

Two first quality clays, free from visible iron or for- 
eign material, one from Pennsylvania and the other from 
Kentucky, were used in making a mix for typical blast 
furnace inwall brick, and various percentages of iron in 
the form of ore, ferric oxide or pyrites were added to 
the mix. 

The iron ore series was the most complete, the follow- 
ing percentages of ore by weight being added: 0, .025, 
100, .250, .500, 1.00, 1.50 and 2.00 per cent. The mix 
with pure a Eade contained 114 per cent. of added 
oxide, and the mix with iron pyrites, 114 per cent. of 
added pyrites. The addition in each case was ground 
to pass a 20-mesh screen and remain on a 40-mesh. 

The bricks were molded by hand to 9-inch size and 
dried. Part of the brick were burned in a test kiln, and 
a duplicates series in a large commercial kiln along with 
regular brick, for the purpose of comparison with those 
burned in the test kiln. 

The burned bricks of each kind were then subjected 
to carbon monoxide for 10 hours at 420° to 450°C. The 
results from the bricks burned in test and commercial 
kilns were practically identical. 

In the series with added amounts of iron ore, there 
was. no disintegration in the bricks without added ore, , 
a slight cracking at .25 per cent., and a marked increase 
in disintegration with increasing percentages of ore, the 
last of the series being so badly shattered that it was 
almost impossible to handle them without the bricks 
falling apart. Typical examples are shown in Fig 9. 

The bricks containing 114 per cent. of pure ferric oxide 
and those with 114 per cent. of iron pyrites failed prac- 
tically in the same manner as bricks with corresponding 
amounts of iron ore. 

Test brick made from the selected clay without the 
addition of iron ore showed no disintegration after being 
subjected to carbon monoxide for 36 hours. Ordinary 
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Fig. 9—Effect of varying amounts of iron in bricks. Experimental clay bricks 

after exposure for ten hours to carbon monoxide at 450° C. The bricks in the 

top row were burned in a commercial kiln; those in bottom row in laboratory 

kiln. The figures beneath the cut gives Was percentage of iron added to the 
rick. 


Fig. 10—Commercial brick disintegrated by blast furnace gas after ten days’ 
exposure. 
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commercial bricks placed alongside of these brick failed 
completely in 10 hours. 

Typical bricks of each series were exposed to the 
action of blast furnace gas. The bricks showed the same 
results as with concentrated carbon monoxide, but re- 
quired a longer exposure. The bricks failed under these 
conditions in from three to ten days, depending on the 
amount of iron added. Ordinary commercial brick failed 
in 10 days (see Fig. 10). 
| The bricks broken in either concentrated carbon mon- 

oxide or by longer exposure to blast furnace gas showed 
the same characteristic shattering, carbon spots and dis- 
- coloration. 


Hirrect oF Unirormuy DistrRipuTED oR LOCALIZED 
Tron OxipE 


Examination of bricks which had disintegrated in 
service or had failed after being exposed to carbon mon- 
oxide indicated that the size of the iron impregnations 
had a pronounced effect on disintegration. To prove 
‘this, a series of brick were made in which the same 
amount of fine or coarse iron ore was added to selected 
first quality fire clay. 

The fine ore was ground to pass a  100- mesh screen. 
The coarse iron ore consisted of particles that would 
pass through a 3-mesh screen and remain on an 8-mesh. 
In each case 1 per cent. of iron ore was added and thor- 
oughly mixed with the clay. The bricks were molded 
by hand in 9-inch sizes, dried and burned. 

The bricks containing 1 per cent. of fine ore were 
similar in appearance to a well-burned first quality blast 
furnace brick. Those containing 1 per cent. of coarse iron 
ore were spotted in appearance, these spots being par- 
tially fused but not wholly combined with the clay. 

After exposure for 10 hours to carbon monoxide at 
450°C., the bricks with fine ore additions showed nothing 
but small surface cracks and little change in appearance 
except a darker color. The coarse ore bricks failed by 


230 AMERICAN IRON AND STEEL INSTITUTE, MAY MEETING 


developing long irregular cracks. Hach of the large iron 
spots at the surface and in the interior showed heavy 
depositions of carbon, and in many cases cracks radiat- 
ing from these deposits (see Fig. 11). 


A B 


Fig. 11—Effect of the distribution of iron oxide on disintegration with one 

per cent. of iron ore added to each brick. A, iron ore ground to pass through 

100-mesh screen and uniformly distributed. B, iron ore ground to pass 
through 3-mesh and remain on 8-mesh screen. 


Erect or BurNING 


Preliminary work with carbon monoxide showed that 
soft burned bricks disintegrated much quicker than simi- 
lar bricks of a harder burn, indicating that the higher 
temperature used in burning had left the iron present 
in a condition not easily acted upon by carbon monoxide. 

Experimental bricks were made using first quality 
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clay and an addition of 2 per cent. of finely ground iron 
ore. After drying, part of the bricks were left unburned, 
part were burned in a test kiln at 1050°C., and the balance 
burned at 1300°C. The bricks were then exposed to car- 
bon monoxide at 450°C. All the bricks burned at 1050°C. 
failed from disintegration, while the unburned bricks and 
those burned at 1300°C. were only slightly disintegrated. 

The fact that unburned bricks are but slightly affected 
was also proven by other tests of unburned bricks con- 
taining various percentages of iron oxide, and by tests 
in which fire clay mortar with 2 per cent. of added iron 
oxide was spread on commercial bricks and exposed to 


Fig. 12—Effects of the temperature of burning, commercial bricks. A and 

B are soft burned bricks subjected to carbon monoxide at 450° C. for three 

hours. C and D, medium to hard burned bricks subjected to carbon monoxide 
at 450° C. for six hours. 


carbon monoxide. The bricks disintegrated, while the 
mortar was only slightly disintegrated around the iron 
spots. Similar conditions have been observed in remov- 
ing a blast furnace lining after a campaign. The regular 
fire clay mortar used to lay the bricks shows little disin- 
tegration. 
7 Tests on the effects of burn were also made on com- 
mercial bricks. A number of soft burned blast furnace 
bricks were selected from stock, cut in halves, and one- 
half of each brick reburned at 1400°C. When exposed - 
to carbon monoxide at 450°C., the half of the brick in its 
original condition was disintegrated, while the reburned 
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half was but slightly affected. The effect of hard and 
soft burning on commercial bricks is shown in Fig. 12. 

Comparisons of soft burned ladle and common red 
building bricks with similar bricks of a harder burn in 
the disintegration test also showed that the soft burned 
bricks failed, while the harder burned bricks of each 
variety were only slightly damaged. 

Hard burning can not be considered a method for pre- 
vention. The real cause of disintegration is the iron in 
the clay, and the way to prevent disintegration is to keep 
contaminated clay out of the bricks, not by burning the 
bricks at a temperature high enough to combine the iron 
with the clay. 

The tendency will be to burn all bricks very hard. 
This may prevent disintegration to some extent, but will 
result in the failure of the bricks from other causes. 
Hard burning makes a brick very sensitive to thermal 
changes, and there will be excessive spalling, particularly 
in such locations as the top of the blast furnace, where 
the bricks must stand rapid changes in temperature due 
to cold charges coming in contact with the heated brick- 
work. 


Errect or Manner or Maxine 

In testing commercial bricks, it was found that the 
manner of making the bricks, whether auger made, steam 
pressed or hand molded, had considerable influence on the 
ease with which the bricks were disintegrated. The auger 
made bricks, being laminated by the way in which they 
are made, fractured along the lines of weakness. Steam 
pressed bricks usually failed by the brick splitting length- 
wise. Hand made bricks fractured very irregularly. 

Some difference was observed in the disintegration of 
coarse and fine ground brick, the fine ground brick dis- 
integrating to a slightly greater extent. 


Errect or Ferric Oxiprn on OTHER Kinps or Bricks 


To show that the disruption of a brick is due to 
mechanical force exerted by deposited carbon, a chrome, 
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magnesite, silica and a fire brick were drilled with a one- 
half inch hole extending to the center of each brick. Two 
grams of iron ore was placed at the bottom of each hole 
and the holes plugged with refractory cement. On account 
of the strength and density of chrome and magnesite 
brick, additional holes were drilled one inch from the 
end of each brick and treated in the same manner. The 
bricks were then subjected to the test and, with the ex- 
ception of the magnesite, all were cracked, as shown in 
Fig. 13. The magnesite and particularly the chrome 
bricks contain considerable iron in tombination with 
their other elements, but apparently this combined iron 
did not have any influence on disintegration. 


A B Cc D 


Fig. 13—Effect of carbon monoxide on ferric oxide inserted in various kinds 
of brick. A, silica; B, magnesite ; C, fire brick; D, chrome brick. 


DisinTEGRATION Test aS A GUIDE FOR QUALITY 


Producers and consumers, by the use of the disintegra- 
tion test, have at hand a ready means of determining the 
resistance of a brick to disintegration. 

Tf bricks of unknown properties are put through the 
test, and a brick of satisfactory properties be included 
for the purpose of comparison, results can easily be ob- 
tained in 10 hours which will show whether the unknown 
brick has sufficient resistance to disintegration to be used 
in a blast furnace lining. 
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PREVENTIVE OR REMEDIAL Measures 

Bricks used in iron blast furnaces can not be pro- 
tected from furnace gases. This gaseous atmosphere can 
not be changed. Some of the gas will penetrate the 
bricks. If these bricks contain free ferric oxide, the 
carbon monoxide in the furnace gas will react with the 
ferric oxide and deposit carbon. To effectively prevent 
disintegration, the bricks must be free from uncombined 
iron oxide. Such bricks can only be made from clays free 
from these compounds. 

This ideal condition rarely exists and provision for 
sorting out undesirable compounds must be provided. The 
almost universal practice of taking the clay direct from 
the mine to the yard should be stopped. Separating the 
iron compounds from the clay by washing, screening and 
grinding is not practicable. The only practical remedy 
is to weather the clays in a layer not over two feet thick 
for at least two months. Sufiicient space to insure the 
necessary supply for this period must be provided. If 
the weather be dry, the layer must be watered weekly. 
This treatment will oxidize the iron compounds, which 
will be apparent by a change to a brown or yellow color. 
Such lumps or patches must be discarded and only the un- 
stained clay used. Should the clay slake or break up 
readily, it should be turned over with a plow or some 
mechanical means to expose the under side and the sort- 
ing repeated after weathering. 

A medium burn is all that is permissible in a blast 
furnace brick. Hard burning is at best a poor remedy 
for the disease. It reduces the sensitiveness of ‘the 
brick to disintegration, but injures it by increasing the 
susceptibility to rapid changes of heat. These condi- 
tions exist at the furnace top, in the hot blast mains 
and stoves. 

The real cure is to use clay which is naturally pure. 
When such clay is not available, the clay should be freed 
from objectionable iron compounds by such treatment 
as will yield commercially iron-free clay. 
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Disintegrating furnace and apparatus for generating carbon monoxide 


Cast iron disintegration chamber. 


236 AMERICAN IRON AND STEEL INSTITUTE, MAY MEETING 


Comparative increase in volume of ferric oxide after ten hours’ treatment with 
carbon monoxide gas. Original volume of ferric oxide at left; reduced products 
and deposited carbon at right. 


Test brick burst by carbon deposition around’ Jadded localized ferric oxide. 
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A ; B 
Effect of the temperature of burning. Soft burned commercial brick cut into 


halves, showing A, original soft burned portion, and B, reburned half of same 
brick 


GF 


_AUGUR MACHINE. Svnsy PRESSED. HAND. WADE. 


Effect of method of manufacture on disintegration. 
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Brick disintegrated in service fifty-five feet from the top of the furnace. 


Test brick containing one per cent of 
grated by carbon monoxide. 


added coarse iron ore, completely disinte- 
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Difference in disintegration between an ordinary commercial brick and mortar 
to which two per cent of coarse ferric oxide was added. 


ricks, not disintegrated, taken from the lining of a blast. furnace making 
mee RE Speer showing lead globules adhering to the bricks. 
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Tue Cuarrman (Mr. John A. Topping): The paper, 
The Disintegration of Firebrick Linings in Iron Blast 
Furnaces, will be discussed by Mr. James H. France, 
general manager, General Refractories Company, Phila- 
delphia, Pennsylvania. 


Discussion by J. H. France 


General Manager, General Refractories Company, Philadelphia, Pa. 


The disintegration of blast furnace linings is a sub- 
ject which has long disturbed the minds of manufac- 
turers and operators alike. Certain conditions which 
have come up and have been observed during long years 
of experience in fire brick manufacture have led me to 
believe that moisture was the cause of the trouble, at 
least its arch enemy. It has been stated that this dis- 
integration takes place very soon after the newly lined 
furnace is put in blast. This I firmly believe. 

While reluctant to recommend any special treatment 
of newly lined furnaces, the subject is, however, of such 
importance that I believe a few remarks based on my 
experience will not be out of place. 

If a fire brick be not thoroughly dried out before set- 
ting into the kiln and if the kiln be closed and fired 
rapidly, or the heat be too great to permit the rapid es- 
cape of the moisture, it would result in the interior of the 
brick becoming anywhere from a pink to a black color, 
dependent upon the percentage of moisture the brick 
contained, the rapidity at which the early firing advanced 
and the percentage of open draughts for the escape of 
kiln steam from the brick and burning fuel. 

Slow burning or drying out with plenty open and free 
draughts in the early stages will drive off this moisture 
and result in a perfect burn without discoloration. 

Water is used to reduce clay to a state of plasticity ; 
the hotter it is the more quickly and extremely plastic or 
lava-like it becomes. 
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An entire kiln of brick virtually filled with moisture 
ean be burned off without showing any discoloration, pro- 
vided low temperature firing is adhered to for a proper 
period and ample draughts are kept open during the pro- 
cess of drying out, allowing the steam generated thereby 
to escape. 

A blast furnace lining built in with brick already 
filled with atmospheric moisture, increased by dipping 
and increased still further by grouting during erection, 
results in the brick becoming filled with practically as 
much moisture as they were during the process of manu- 
facture. 

Heat drives moisture away; consequently, as the in- 
terior of the furnace increases its heat, the moisture is 
driven away from the inner face of the lining, and if the 
furnace is fired hard with the top closed, the escape of the 
moisture is prevented, and it is confined in the lining at 
some distance from the inner face. As the heat in- 
creases, the moisture is converted into steam, which 
softens the brick to a state of plasticity. Eventually, with 
the complete drying out of the brickwork, the bricks at 
such locations are disintegrated, the degree of disin- 
tegration, whether shattered, granular or powdered, de- 
pending on the conditions. 

Basing deductions upon these physical facts, I am led 
to believe it within the bounds of reason to say that it 
was not absorption of carbon or other metallic vapors 
from the smelting ores that caused disintegration, but 
moisture alone. 

While much could be said about changes in furnace 
lines, campaigns on old range and other ores, fire clays 
and their methods of manufacture, etc., I deem it un- 
necessary and entirely out of order. Messrs. Nesbitt and 
Bell have very ably shown by the paper just preceding 
that my theory lacks support and I gracefully bow to their 
skill and research ability, leaving it to you to decide. 

THe CHarrman (Mr. John A. Topping): This con- 
cludes our papers for the day. 


242 AMERICAN IRON AND STEEL INSTITUTE, MAY MEETING 


Before we adjourn I have been requested by Judge 
Gary to request you, and to have you pass the word on 
to others who are expected to dine here to-night, to please 
be on hand promptly at seven o’clock, as the dining room 
doors will be opened soon after, and he wants all seated 
promptly at seven-thirty. 

The meeting is now adjourned. 


DINNER OF THE AMERICAN IRON AND STEEL INSTITUTE IN THE GRAND BALLROOM OF THE 


COMMODORE, NEW YORK, MAY 25, 1923 


EVENING SESSION 


The evening session of the Institute was held in the 
Grand Ballroom of the Commodore. After dinner, Presi- 
dent Gary called the meeting to order. 

Jupce Gary: The members of this Institute have se- 
cured a very high reputation for the preservation of 
order; and that is saying a good deal for an audience as 
‘large as this. Indeed, it is necessary to remain very quiet 
in order to permit those at the farthest ends of the hall 
to hear what is said. 

Gentlemen, I express to you in behalf of the Institute 
feelings of the deepest gratitude for your loyalty, your 
kindness, your cooperation, in carrying on the work of 
this great institution. 

The distinguished gentleman who honors us this even- 
ing by his presence, and whom I will introduce a little 
later, expressed the opinion a few moments ago that this 
is one of the finest and greatest audiences he had ever 
had the privilege of addressing, and addressing large au- 
diences with him is a habit, so that he is a competent 
judge. May I ask you to maintain silence and respectful 
attention to all that is said on this occasion? 

T ask you first to raise your glasses—containing the — 
finest and the purest drink that has ever yet been dis- 
eovered (laughter)—to the President of the United 
States and the King of Italy. 

(The toast was given.) 

I will now call upon our secretary, Mr. Clarke, to 
present to you some of the members of this Institute, 
who have splendidly distinguished themselves today by 

the addresses which they prepared and delivered. 
| Mr. E. A. S. Crarke: The directors of the Institute 
have desired to show special acknowledgment and ap- 
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preciation of the splendid work that the writers of the 
various papers have done by having them rise as I call 
upon them and be presented to the audience. 

I will first ask Mr. C. F. Hood to arise. He described 
the laying of the high power submarine cable. Gentle- 
men, Mr. Hood. (Applause.) 

Mr. W. A. Forbes, the author of the paper on The 
Value of Chemistry in the Iron and Steel Industry. 
(Applause.) 

Mr. Robert Gregg, author of the paper on The Stand- 
ardization of Steel Mill Practice through Time Study. 
(Applause.) 

Mr. Waldemar Dyrssen, author of the paper on Gas 
Producer Practice in Steel Works. (Applause.) 

Mr. H. T. Morris, author of the paper on Waste in the 
Steel Industry. (Applause.) 

Mr. C. E. Nesbitt, author of the paper on The Dis- 
integration of Fire Brick Linings in Iron Blast Furnaces. 
(Applause.) 

It is to be regretted that Mr. H. E. Davis, of the In- 
terstate Iron and Steel Company, the author of the paper 
entitled A Motor Driven Rolling Mill, is not present; but 
Mr. Smith, who read the paper, will arise and receive 
the acknowledgment for Mr. Davis. (Applause.) 

Judge Gary has also requested me to read the follow- 
ing telegrams. The first is from our dear old friend, 
Uncle Joe Butler. (Reading.) 


‘‘T send you and all the members present at the 
annual banquet, as well as all members of the Insti- 
tute unable to be present, my affectionate regard and 
kind remembrance. My physical condition prevents 
traveling. I am assured by the doctors that my re- 
covery is slow but sure and I will be with you later 
on. My heart goes out to you all in loving kindness 
and I subscribe myself the second oldest living mem- 
ber of the American Iron and Steel Institute. 


JosEPH G. Butier, Jr.’’ 
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‘‘Deeply grateful for your message at opening 
meeting of Institute today. In this hour of world 
problems occasioned by selfishness and misunder- 
standing between men and nations, it is very signifi- 
eant that the beloved head of one of the world’s 
greatest industries should voice these potent ideals; 
such utterances being all the more effective because 
you have always consistently advocated the applica- 
tion of the golden rule in industry. Regret my in- 
ability to attend the Institute meeting. Please ex- 
tend my greetings to my many friends at the Ban- 
quet. | 

CuarENcE H. Howarp.’’ 


JupGcE Gary: I eall your attention to the fact that the 
prize offered by Sir Robert A. Hadfield for the best paper 
on the conservation of fuel was awarded by the American 
Institute of Mining and Metallurgical Engineers to 
Charles L. Kinney, Jr., and George R. McDermott, of 
the South Chicago works of the Illinois Steel Company, 
for their paper entitled ‘‘The Thermal Efficiency and 
Heat Balance of an Open-Hearth Furnace.’’ The paper 
was read at the October meeting of the American Iron 
and Steel Institute. (Applause.) 

We have had the high honor of entertaining some 
very distinguished men. You can carry your minds back 
to times when we had with us the King of Belgium, the 
Commander of all the armies in the late Great War, and 
various other great men. 

We have with us this evening a very distinguished 
man, who comes from an illustrious family. I could give 
you from memory the salient features of his magnificent 
career. I have hesitated in the attempt to decide whether 
T would do that or whether it would not be fairer to you 
to read a sketch of his history as compiled by my secre- 
tary. I think you would like to hear it. I think you would 
like to be brought a little more into intimate connection 
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with the history of this man, young in years, but old in 
experience and achievement. 

His Excellency, the Italian Ambassador, Prince 
Gelasio Caetani, comes from one of the oldest and most 
illustrious families of Italy, which includes Popes Gelasio 
II and Boniface VIII, respectively reigning approxi- 
mately 1118 and 1294 A. D. 

Graduated, 1901, Civil Engineer, Royal University 
in Rome; 1903, Mining Engineer, Columbia University, 
New York City. 

Engineering in the United States: mining and milling 
in Idaho; various mining examinations in United States 
and Mexico; North Star mine in California and Tread- 
well mine in Alaska, etc., etc. He published a treatise on 
the cyanide treatment of gold; formed a firm of consult- 
ing engineers associated with Albert Bursch and Oscar 
Hershey, San Francisco; lectured at Harvard University 
and contributed to the scientific press, his subject being 
metallurgy. 

War Work: Organized, under Mr. Hoover, relief in 
Italy, associated with his father, the Duke of Sermoneta; 
volunteered for service of Italy and became a Second 
Lieutenant of Engineers; assigned to aviation corps; 
made a mining engineer in the mountain district of Col 
di Lana. 

I think I ought to say about that, that there was a 
stronghold on the heights between Italy and Austria, 
occupied by the Austrian army and considered impreg- 
nable, assaulted time after time without success, until 
the Italians lost thousands of men; and finally this man, 
this young engineer, planned the building of a great mine 
under that mountain; took charge of it; it was exploded, 
and the whole garrison was destroyed and access to Aus- 
tria was permitted as the result of that event. (Ap- 
plause. ) 

Afterwards he was sent to Macedonia; then called 
back to organize the defense of the Piave. 

Who does not remember the Piave? You will remem- 
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ber in one of the addresses I made during the war, in 
trying to answer the question as to who won the war, I 
mentioned the particular achievements of various forces 
of different countries at different places, and among 
other places I referred to the fact that the Italian Army 
at one time was overwhelmed by numbers of men and 
guns and strength of organization until they were driven 
back and back and back, until it seemed that it was im- 
possible to prevent the Austrian Army and their asso- 
ciates from going down into Italy, even to the seat of 
government; and then some one prepared a defense at 
the Piave which stopped the Austrian armies, prevented 
‘them from going further, and Italy was saved, the cause 
of the Allies was saved, civilization itself was preserved. 
This young man had charge of the organization of that 
defense on the Piave. (Applause.) 

For two months connected with the English Army and 
entrusted with the organization of the first line of de- 
fense of the Montello. 

He was called to the Paris conference for a while. 
He cooperated in supplying food to Italy and Austria. 
Then he retired to his estates in the Pontine marshes 
south of Rome, devoting himself to agriculture. Elected 
October, 1920, to the Municipal Council and designated 
Mayor of Rome, but declined the office owing to certain 
internal strifes. May, 1921, took an active part in the 
Fascisti movement as an elected Nationalist Deputy. 
November, 1922, appointed Italian Ambassador to Wash- 
ington. (Applause.) 

And so, ladies and gentlemen, it is my high privilege 
to present to you this Duke, this Prince, this man of royal 
blood, this man of high education and great renown; but 
above everything else this working man, this democrat, 
this Prince Gelasio Caetani. (Applause.) 

Pryce Geuasio Cazrant: Mr. President, ladies and 
gentlemen: I wish to thank J udge Gary, and all of you, 
for the great pleasure and honor that you have given me 
by having me as a guest at the banquet of the American 
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Iron and Steel Institute, one of the most powerful and 
efficient organizations of your very wonderful country; 
and I hope, judging from the words of Judge Gary, that 
I have been invited here not only in the capacity of New 
Italy’s representative but also somewhat in the capacity 
of an American engineer. 

You wish me to say a few words, and I will do so 
briefly and without rhetoric. New Italy, as you know, 
has entered on a line of strict economy, and this might 
be applied just as well, to begin with, to words. More- 
over, you know American engineers are not prone to give 
vent to hot air, and I therefore will keep to this time- 
honored habit of our profession. 

Kind and friendly words have been pronounced by 
Judge Gary with regard to me and my country. And I 
wish to thank you all, but I will state right now that 
Italy, more than for words of praise, wishes for a better 
and fuller understanding of her history, her soul and 
her ideals. 

I feel that I am fully justified in saying that one of 
the greatest defects of Italy is in not having learned that 
very important art, the art of advertising. As an in- 
stance I will say that during the war while millions were 
being spent in this country for propaganda, Italy un-. 
happily remained silent, with the result that many of the 
American people still wonder how and why Italy ever 
entered into the war and what her contribution has been, 
while in fact she was fighting single-handed in the pre- 
cipitous battle fields of the Alps against an enemy nu- 
merically superior and far better equipped and trained 
than herself. And especially it is our fault not to have 
explained at the proper moment the reasons for our atti- 
tude during the period of neutrality, when, with a public 
spirit not yet fully prepared and with the necessity of 
organizing and equipping our Army, Italy had to adopt 
dilatory methods which would surely have been super- 
fluous if between us and our prospective enemy there 
should have been the vastity of an ocean. 
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Gentlemen, yesterday was ‘the eighth anniversary of 
the entrance of Italy into the World War and I feel justi- 
fied in mentioning a few facts which are probably for- 
gotten by many. 

Twice Italy has tipped the scale of war in favor of 
France, of England and of Belgium. A first time, in 
August, 1914, when she refused to join the Central 
Powers in a venture which was clearly without the scope 
of her alliance and for which therefore she was not even 
under any moral obligation whatsoever; and a second 
time, in May of the following year, when she entered the 
war, not in a moment when victory was smiling upon the 
‘ Alles, but in one of the most gloomy moments of the war, 
when the future looked dark and threatening. The Rus- 
sians were retreating and the Allied armies in France 
were wavering. I am perfectly justified, I believe, in 
stating that, if Italy had not pluckily thrown herself into 
the fight the United States probably would never have 
had the possibility of entering into the war, because the 
war would have been over before America was ready to 
cross the ocean. 

Italy did not enter the war with a view of increasing 
her wealth or her power. On the contrary, if she had 
stayed out of the conflict, Germany and Austria were 
ready to surrender to her over half of the territory that 
she subsequently conquered by arms. All Italy got out 
of the war was this small strip of unproductive mountain 
territory and an indebtedness which amounts to over six- 
tenths of her national wealth. In addition, 600,000 of our — 
boys have been slain, and over 1,000,000 disabled. 

I remember, while I was in the trenches, the Austrian 
airplanes used to fly above our heads and scatter leaflets ; 
on other occasions, the enemy used to take these leaflets, 
wrap them around a stone and throw them to us across 
the barbed wire entanglements. On these sheets of paper 
were drawn little maps showing the boundaries of Italy, 
and on them was marked in pitch black the territory that 
Austria and Germany had offered to Italy, and in crimson 
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red that little stretch of ground that so far we had con- 
quered by shedding our blood; at the bottom of these 
little sheets was printed in big black type, ‘‘Idiots’’ or 
some similar epithet. 

Well, idiots we may have been, but we are proud of 
it, for we entered the war only for the purpose of freeing 
our brothers, who were still enslaved under Austrian 
rule, and for motives not different from those ideals of 
liberty and of justice for which two years later the United 
States crossed the ocean to plant the stars and stripes 
next to the banners of the Allies in France. (Applause.) 

This, ladies and. gentleman, is the part that Italy 
played in the war. She intends now with equal pluck to 
take a large share in the work of the reconstruction of 
Europe, and in this noble endeavor she is sure to have at 
her side the United States, animated by the same ideals 
and practical purposes. 

The two most striking phenomena consequent to the 
war have been bolshevism and fascismo; they are the 
pole and the antipole of the political, economic, ethical, 
and moral tendencies of today. One centers in Moscow; 
the other centers in Rome. Bolshevism aims at the de- 
struction of religion, at the destruction of social organi- 
zation and of all fundamental principles on which hu- 
manity has so far based itself. Fascismo has diametrical 
opposite finality; that is, the respect of religion, of the 
rights of man, and to harmonize government action with 
the best interests of every class and of every individual, 
while keeping in view first of-all the welfare of the nation. 
(Applause.) 

Fascismo, let me tell you, is not a political freak, but 
a great spiritual movement, which has for its basic prin- 
ciple that every individual must be ready to sacrifice him- 
self for the good of the community. Sacrifice means dis- 
cipline, and therefore discipline is the watchword of fas- 
cismo. . 

The first thing fascismo had to do in Italy was to de- 
molish, to destroy, to sweep away all that superstructure 
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of unwarranted privileges, of demagogy and of rotten 
politics that the radicals had loaded upon our country 
during the two years of fatigue,—I would say of aber- 
ration and of economic dislocation,— which followed the 
Armistice and which, in some measure, extended not only 
over Italy but me over many other countries of the 
world. 

This house-cleaning was necessary before the work of 
reconstruction could begin; and in doing this heavy 
house-cleaning work, the brooms wore down pretty soon 
to the sticks, and not to waste time, when eee we 

used the sticks instead of the brooms. 

This has made many people believe that fascismo is 
a reactionary movement, but itis not. Mussolini is prov- 
ing, and will prove it still further to the world, that fas- 
cismo’s principal aim is not that of destroying commun- 
ism, whose corpse in Italy lies buried and decomposed, 
but that of reconstructing a sound and healthy economic 
foundation for a new Italy. Upon such sound and firm 
foundation the leader of Italy’s youth, Benito Mussolini, 
intends to erect a harmonious social and economic struc- 
ture where the rights and duties of capital and of labor 
will be clearly defined. (Applause.) 

One can not live without the other. The prosperity 
of industry is the welfare of the working class, and the 
working man has a right to progress and to share in the 
prosperity of industry. Labor and capital are two in- 
separable elements, which must assist each other and not 
be bitter enemies, as preached in the gospel of commun- 
ism. Their common aim is and must be first of all pro- 
duction. Moreover they must work chiefly for the good 
and for the welfare of the country. Mussolini is going to 
prove and to enact this. Soon the laboring masses in 
Italy will find that the directions given by the man whom 
the bolshevists call the ‘‘Dictator’’ and the ‘‘Tyrant,’’ 
will lead them to a prosperity and to an individual lib- 
erty, which will be in strange contrast with the misery 
and enslavement of the workmen in Russia. The Italian 
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people have already found this out and follow with full 
faith their leader. 

The communists too are beginning to realize what all 
this means and what is coming. They feel and under- 
stand that they are losing that control of the masses 
which they had hoped to conquer; this is the reason for 
that intense hatred and for that venomous campaign that 
the Red organizations are leading against Italy and its 
fascismo. 

I am almost sorry, gentlemen, that most of you can 
not read the Italian communist papers of New York. 
They would amuse, and they would disgust you, at one 
time. It is the hysterical cry of those about to be doomed. 
I feel ashamed that some few renegade Italians should 
be part of that international pack of agitators, disgracing 
Italy and mankind. (Applause.) 

Many of my co-nationals have asked me to protest and 
to put a stop to such a disgrace. I have always answered, 
‘Why, let the wolves howl!’’ The hatred of the bolshe- 
vists against Italy brings into relief the high finalities of 
fascismo. It emphasizes that communism and fascismo 
have opposite, antagonistic tendencies, and the action in- 
tended to destroy fascismo brings into relief its true 
character and gives it new strength. 

You, citizens of the United States, do not need any 
importation of fascismo from Italy, because you have 
had it in your veins since 749, since the time of the ‘*Vigi- 
lantes’’ in California. The Italian immigrants in the 
United States have a right to call themselves fascisti, 
inasmuch as they follow and advocate Mussolini’s and 
the fascismo’s ideals; but to act as fascisti they do not 
need to do anything else but be good and loyal Americans. 

When there will be need, you will known how to deal 
rough handed with those who may put in danger the 
safety of your country. At that moment you will have 
with you as helpers the labor party as, if I understand 
correctly, its leaders are already concerned at the at- 
tempts of communism to inoculate the American labor 
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organizations with its deadly disease. Labor leaders 
heed have no fear of the fascisti, because the fascisti are 
true and sincere friends of ae working man; most of 
them are working men themselves. (Applause. ) 

Long before Mussolini was known to the world, Theo- 
dore Roosevelt, your great President, was in many ways 
the American exponent of the same feelings that animate 
Mussolini. Roosevelt advocated a policy of national dig- 
nity, of strength, of loyalty, of hard disciplined work, 
which, coupled with an intense love for the mother coun- 
try, is today the policy of Mussolini. 

Fascismo’s aims are peace and hard work. Increased 
* production is not obtained by a bitter struggle directed 
towards fostering individuals and class interests, but by 
the harmonious cooperation of capital and labor. Only 
by such action can Europe save herself and lead her 
peoples to a higher standard of life. Italy, in the pursu- 
ance of her ideals, will always be faithful to her engage- 
ments. She has already proved this politically, and will 
do so still further in financial matters, within the limits 
of her national capacity. 

A few days ago Mr. De Stefani, the Italian Minister 
of Finance, in his speech delivered at Milan, said that 
Italy intends to meet her obligations towards the United 
States; she only asks that the powerful American Re- 
public should give her large facilities, proportional to 
those conceded to England, taking into consideration the 
great difference in their respective economic conditions, 
as well as her large contribution to the common victory. 
(Applause. ) 

Her efforts to put fey house in order from a financial 
and economic point of view has also been clearly illus- 
trated in Mr. De Stefani’s speech! the deficit of the na- 
tional budget which, in the year 1920-1921, amounted to 
17,500,000,000 lire is to be reduced to 1,157,000,000 lire 
in the current fiscal year 1923-24. We are determined to 
balance our budget in the next following fiscal year, and 
hope to succeed. (Applause.) 
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Our mechanical industries—and this I say to you be- 
cause I suppose you are chiefly interested in this matter 
—which in pre-war times employed 275,000 men and dur- 
ing the war reached a peak of 500,000 laborers, are em- 
ploying at present 400,000 men. This proves the efficient 
organization of this most important industry and indi- 
cates that the industrial activity of Italy has not de- 
creased on account of the post war crisis. With a general 
return of the world to economic peace and to interna- 
tional cooperation, Italy is also bound to give still further 
development to those mechanical industries from which 
she can draw special economic advantages owing to the 
cost and quality of her labor. ; 

I have not the time to entertain you on the different 
activities of Italy; I will, however, mention the develop- 
ment of our hydro-electric industry. There are in Italy, 
as close as can be figured, four million kilowatts of water 
power available. Of these 1,400,000 K. W. have already 
been developed and 1,200,000 K. W. are in course of de- 
velopment; this means that Italy will, within a few 
months, have developed 70 per cent of her total available 
water power, and in this she ranks first among all nations. 
(Applause.) 

Gentlemen, I have already detained you long enough. 
Before closing I wish to recall that on the 21st of Janu- 
ary I had the honor to be guest at the dinner of the Italy- 
America Society, shortly after my arrival here as Ambas- 
sador. On that occasion I said these words: 

‘‘Our Premier, Mussolini, asked me to tell you that 
he is most anxious that the Americans should come to 
Italy, not to admire its artistic beauties or its economic 
activities, but especially to bear witness that Italy is an 
example because of its peaceful labor and firm determi- 
nation to foster world reconstruction for the benefit of - 
humanity.’’ 

Mussolini’s wishes have already been fulfilled in part. 
Many of your most distinguished and representative men 
have just returned from Italy and one of these is J udge 
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Gary. They have come back with friendly words of es- 
teem for my country; I am glad to hear these words, but 
it gives me far greater pleasure to know that Americans 
like Judge Gary, Mr. Cravath, Mr. Hughes and Mr. 
Barnes approve of Italy’s ideals and ways, because they 
are in harmony with the ideas and actions of the Ameri- 
can people. Never before have Italy and America been 
closer to each other, working upon identical lines, with 
sincere and loyal sense of cooperation in the strenuous 
and noble attempt to reconduct Europe and the much 
tormented world to an era of peace, happiness and pros- 
perity. 

This, gentlemen, is our work. It is hard work, which 
must be devoid of selfishness; it is the only salvation of 
the world at the present moment. This is America’s and 
Italy’s purpose, and for the success of our joint effort 
let us join in a toast to the health of our chief representa- 
tives, the President of the United States and the King 
of Italy. 

(The toast was given.) 

Jupce Gary: We do not love Italy any the less for 
having listened to these words of inspiration. (Ap- 
plause.) 

The next gentleman who will be requested to speak 
will not be introduced to you for he is an old and much 
beloved acquaintance and friend; we have heard him 
speak and what is more and better we know his works, 
not alone in the shops, in the mills, in the offices, but in 
every department of human activity worth living for. 

When he was requested this morning to speak this 
evening he asked to be excused; he claimed to be un- 
worthy and incompetent, but he failed to receive my ac- 
ceptance of his words. He finally said, ‘‘I am a good 
soldier, and I obey orders.”’ 

And now, ladies and gentlemen, I present our old, 
esteemed friend, Mr. Follansbee. (Applause.) 

Mr. Witt1am U. Fottanssee: Mr. Chairman, ladies 
and gentlemen: The kind presentation of our President, 
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if he will pardon me, reminds me of the story of a 
Southern politician who was conducting a canvass for 
the Senatorship and, being unable to make a speech him- 
self, engaged a spellbinder to tour his territory. One 
night after a particularly successful meeting, the audi- 
ence had dispersed, and the spellbinder and the candidate 
having refreshed themselves on—cold tea (laughter) the 
candidate, putting his arm around the spellbinder, said, 
‘‘Sam, you are the greatest orator of all time. You have 
Cicero and Demosthenes beaten to a frazzle.’? The spell- 
binder replied, ‘‘Senator, that is all confounded bosh. 
But say it again. I like to hear it.’’? (Laughter.) 

In drafting me today the Judge said, ‘‘Say something 
interesting to the steel fraternity.’’ That is rather a 
large task. And yet I am quite sure that busy executives 
realize today more than ever before, and day by day you 
are realizing it more and more, that you have to be in- 
terested in everything in the Heavens above, the earth 
beneath and the waters under the earth. 

And so, may I ask, have you noticed that quite re- 
cently Bryan again also ran? (Laughter.) Of course 
that was for an office ecclesiastical. And have you 
noticed, gentlemen, how Providence takes care of us? 
(Applause and laughter.) And did you perceive that he 
proposed to stop all you fellows from playing golf on 
Sunday (laughter) ; and to attain that object he traveled 
all the Sabbath day, for many hundreds of miles and 
thus kept working on the day that was made for man— 
engineers and firemen, conductors, brakemen and switch 
tenders, so that he in the evening, before a church 
crowded with ministers and laymen, could spill a few 
thousand words as regards what he thinks are the ethics 
of God and labor and so on? (Laughter.) 

Now, really, I can only think that when some of these 
baffling theorists begin to interfere with some of your en- 
joyments they should practice what they preach as re- 
gards working on the Sabbath Day,—and that day may 
come! (Laughter.) 
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Speaking of immigration (laughter) and the law un- 
der which we are now laboring—or not laboring, we are 
trying to (laughter),—have you noticed how those who 
passed the law and those who are advocating so many 
good things for this, our dear country, have said the rea- 
son it was necessary to restrict immigration was because 
we do not want the socialists and the communists and the 
revolutionists to keep pouring into this country; and so 
someone recently down in Washington—there have been 
quite a few good things done down in Washington these 
days—said they would investigate; and they have had 
practically a social census made of the country, wherein 
they have discovered, greatly to the surprise of Wash- 
ington and greatly to the surprise of some others, that 
the communists and revolutionists and socialists are not 
proportionately in such large numbers in our industrial 
states, which have so many foreigners, such as Massa- 
chusetts and New York and Pennsylvania, but strange 
to them and doubtless strange to us, these communists, 
these revolutionists are in our Western States, are our 
free-born American citizens, and are largely in our edu- 
eational centers (laughter); and so I say to you men in 
the steel industry and to you ladies: investigate a little 
and see what is being taught in our colleges and semi- 
naries and schools, and you will find many of the text- 
books are very different than when you and I were pur- 
suing our studies. (Applause.) 

I tell you these ecclesiastical and these political op- 
portunists remind me very much of the story of the 
colored gentleman who was relating to his friend, ‘‘I done 
found out honesty is de best policy.’’ ‘‘Why, Sam, how 
is dat?’’ ‘‘Well, you recollec’ dat dog I stole?’’ ‘‘Yes.’’ 
‘¢Well, I took him all over town for two days and I could 
not get anybody to offer any more dan a dollar for him; 
so I done took him back to de lady what owned him and 
she gave me $3.50.’’ (Laughter. ) 

Have you noticed that we aristocrats of the steel busi- 
ness—and we are aristocrats now because we are so few 
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—for the last ten days have been in our annual love fest 
with the representatives of the Amalgamated Associa- 
tion of Iron, Steel and Tin Workers; and may I say to 
you that it was the most amicable, it was the most consid- 
erate, it was the most cooperative conference we ever 
held? You may realize there was no lack of oratory and 
splendid presentation of arguments why a higher wage 
should be paid; and yet the representatives of the men 
listened with the greatest respect and consideration to 
the statements of presidents and managers of the present 
very moderate profits in the steel business and the heavy 
losses of recent years, and accordingly adjournment was 
had in complete harmony. with the practical continuance 
of the old scale. 

When we see disturbances, particularly in the build- 
ing trades, here in New York and elsewhere, when we 
notice some of the strikes and strifes in other industries, 
our own steel business is to be congratulated; and I think 
all the country should know that steel managers are de- 
termined, as much as possible in these days, when all citi- 
zens are demanding a higher plane of living for the work- 
ing man, in these days of increased costs because of the 
prices of fuel and transportation, steel is going to be 
kept within the limits of moderate profits; and best of all 
the working men in the steel business, realizing the les- 
sons of 1920-1921, are saying heartily with those asso- 
ciated with them, those who manage the business, ‘‘Let 
us go on on a reasonable even keel.’’ (Applause.) 

And I think our friends, our customers, are beginning 
to realize that, and that the steel industry at least is 
striving to keep and keeping normal. 

Now, ladies and gentlemen, before this I am sure you 
have discovered that our illustrious, our honored, our 
hard-working and most beloved Chairman occasionally 
makes a very grievous error in asking a chap like myself 
to say a few words; so instead of saying ‘‘I thank you,”’ 
I will sit down with the words ‘‘I pity you.’? (Applause 
and laughter.) 
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JuDGE Gary: I am wondering why, if the speech was 
SO poor, you are applauding it so much. 

It is now my privilege to present the last speaker. 
He tried to beg off this time on the ground that he 
thought the Institute had got tired of him. When I pro- 
posed to put it to vote, as to whether he should speak or 
not, he said, ‘‘Oh, well, have your own way.’’ (Laughter. ) 

It is a great pleasure to have him here with us. He 
did not feel very much like coming. He has some sick- 
ness in his family. He came as a matter of accommoda- 
tion tome. He came because I urged him. And of course 
I am very grateful to him, because of this disposition. 
. These conventions would not be quite satisfactory if it 
was not for the presence of our dearly beloved Charlie 
Schwab. (Applause.) ; 

Mr. Cartes M. Scowas: Mr. Chairman, ladies and 
gentlemen: The Judge is always very nice in introducing 
me. He makes me feel very happy. But, this time, I 
thought he was going to introduce me as he did our dis- 
tinguished guest, by reading a long family pedigree. 
(Laughter.) Well, my family history and pedigree may 
not be so long or extend so far back as that of Prince 
Caetani, but I could promise him a pedigree with more 
excitement to the square inch. (Laughter.) 

I was at Loretto and thought that you were so tired 
of hearing my nonsense, year after year, that I would 
beg off; but Judge Gary wrote me such a fine letter it 
made me feel that I should attend, if at all humanly pos- 
sible, as my greatest pleasure in life is meeting you, my 
old friends of the iron and steel industry, upon every 
occasion, and the cordial welcome you have accorded me 
this evening confirms these sentiments. 

IT was much interested in the Judge’s address today. 
The Judge has the faculty of always putting his finger 
~ upon the point in the iron and steel industry that really 
needs the most attention. His thoughts today were not 
with reference to economies, but rather with reference 
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to the need and necessity of more religion in our busi- 
ness. (Laughter.) 

From my forty or more years of experience in our 
line, I know of nothing that could be so improved as the 
religious attitude of most of the old rollers, melters and 
other people I know in the steel industry. (Laughter.) 
Therefore the Judge’s address was most timely in this 
respect. I hope it will have the same effect upon you as 
it had upon me, although in reality, I do not need it. 
(Laughter.) I have been telling our distinguished guest 
this evening that it is a well-known fact I am a church- 
man of dignity and eminence in this country—have even 
been decorated for exceptional piety; (laughter) and I 
would have you know that at least in one part of the 
country—I mean Loretto—(I always love to talk about 
Loretto), I am considered by some one as a real church 
dignitary. Some years ago, I found that I had enough 
money at the time to build a church in honor of my 
mother. I was very proud of it. It was the talk of the 
neighborhood: all the boys and girls, and the old men 
and women were talking about the wonderful structure. 
Well, the church was built. The good sisters were teach- 
ing the little Catholic boys and girls their catechism: 
one of the first questions in the Catholic catechism, as 
you know, is, ‘‘Who is the head of the Holy Roman Catho- 
lic Church???’ The answer is, of course, ‘‘The Pope of 
Rome.’’ Good Mother Gertrude said to one little shaver, 
‘Who is the head of the Holy Roman Catholic Church??? 
And he said, ‘‘Charlie Schwab.”’ (Laughter.) 

Judge Gary has had a long trip abroad. He told me 
all about it. He visited the Holy Land, and many other 
places of interest. He did not tell you, though, that he 
visited the tomb of Tut-ankh-amen. He saw all the relics 
there dating back to hundreds of years before the time of 
Christ; the Judge was much interested. He examined 
them with great care; put on his spectacles and looked 
closer at one that iooked rather familiar to him, and then 
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he discovered it was a copy of a contract obligation that 
Willis King started. - (Laughter.) 

I think we were organized about 1901 or 1902, and 
Willis was made chairman of a committee in 1903 to draw 
up a contract obligation; but the first ever seen of it was 
when Judge Gary was examining these antiquities of 
Tut-ankh-amen. 

And then they found there a record of Jim Campbell. 
Mr. Follansbee said Bryan was trying to stop golf on 
Sunday. I hope he will stop Jim every day in the week. 
Any one who desecrates the game as Jim does is not en- 
titled to play golf on any course or in any society. Well, 
Jim’s record was found there. It seemed to be so mixed 
up and the score so unusual that some people pronounced 
it a forgery. (Laughter.) 

And speaking of forgeries, that brings me to this seri- 
ous thought. There are many things in life which the 
great public might believe are founded on what might 
be called forgery of thought or forgery of the hand, giv- 
ing quite a different impression from that which the 
truth would convey. But, whatever may have been done, 
or whatever may be misunderstood, there is one thought, 
within myself, within my heart, that could never be 
changed, and that is the affection that has always actu- 
ated me in my association with you gentlemen; forty-five 
years in the industry with men, like our Chairman and 
those whom I see in this room, leaves me but one thing 
to desire, and that is, whatever may be said or done, the 
love within my heart and the loyalty to those with whom 
I have associated for forty odd years will never be 
changed in this breast while the blood courses through 
my veins. (Applause.) 

Gentlemen, I have reached a point where it is no 
longer necessary for me to talk about the economies of 
business or the state of business. I live in the dreams of 
the pleasant happy years gone by in this industry. I 
cherish them as recollections. I believe that business 
without sentiment is indeed sordid business; that the 
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chief recompense of people seriously engaged in business 
has been many fold in the traditional sentiment thereto 
attached and not from the dollars that they may have 
been able to make. With these views of life, one cannot 
have gone through so many years of business without 
having formed certain notions and ideas as to its future; 
and to digress a little, having consulted the spirits today 
(laughter)—the spirits tell me that good business is for 
the steel industry for some time to come and that upon 
the attitude of those who lead us depends greater suc- 
cess, greater prosperity and greater happiness than ever 
before. 

I have preached optimism to you gentlemen for years. 
I never heard a more optimistic speech than I heard from 
our distinguished. Chairman. For many years, during 
Mr. Carnegie’s life, it was my privilege to always pro- 
pose his health and wish him life-long happiness. Now 
that he has gone, I feel the traditional influence so strong 
upon me as to always say at this meeting that, reflecting 
the hearts and souls of the people who make up this dis- 
tinguished audience, there is not a man here who does 
not wish life-long happiness, health and prosperity to 
Judge Gary, our beloved leader. (Applause.) There is 
not a man here who saw his cheek pale today with fatigue 
from the heat of the room, whose heart did not flutter 
with the thought that the Judge might not be spared to us 
for scores of years to come to preside over these noted 
assemblies, which have been such a source of pleasure 
and education to us all. 

Many years ago, I was in a church with Mr. Carnegie 
down at Fernandina, Florida. We heard a man preach. 
He said, ‘‘A collection will be taken up to whitewash the 
church and fence surrounding the church.’? The hat 
went around. Mr. Carnegie and I contributed. I even 
got Willis King to put in a hundred dollars. When the 
collection was in, the minister straightened up and wiped 
his glasses, and then announced, ‘*Brethren, the work of 
whitewashing this church and the fence surrounding it 
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will proceed promptly tomorrow morning—provided, 
however, that the bills which the gentlemen from the 
north gave us ain’t counterfeit.’’ (Laughter.) 

Gentlemen, take my assurances, my words after years 
of association, my love and loyalty are genuine, not coun- 
terfeit; that the work of whitewashing—figuratively— 
the little church and fence surrounding it will proceed 
tomorrow morning, and the success and happiness in our 
great industry will likewise proceed—tomorrow morning 
and every other morning; and we will be taught that we 
produce only the genuine and not the counterfeit article; 
that we, in the steel industry, will stand for what is right, 
honest and straightforward. We may have the frailties 
of human nature, but we will have the sincerity of honest 
business, and the fraternal feeling of appreciation of 
each other’s success and happiness. 

Long life and happiness to you, Mr. President; to 
you, our distinguished guest; to you, Mr. Crocker, repre- 
senting the Pacific Coast; to you all, my friends and asso- 
ciates in the American Iron and Steel Institute. God 
bless every one of you. (Applause.) 

Jupce Gary: Good night, Gentlemen. 
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The Twenty-fourth General Meeting of the American 
Iron and Steel Institute was held at the Hotel Commo- 
dore, New York City, on Thursday, October 25, 1923. 

Following the usual custom, three sessions were held. 
In order to provide sufficient accommodations for the 
large number present, the morning session was held in 
the Grand Ballroom. The afternoon session was held in 
the East Ballroom. The evening session, which included 
the semi-annual dinner, was held in the Grand Ballroom. 
The day sessions were devoted to the reading and dis- 
cussion of papers dealing chiefly with problems of metal- 
lurgy and business. 

On the following page will be found the program of 
the meeting. Judge Gary, President of the Institute, pre- 
sided during the morning session and most of the after- 
noon session. During the reading of Mr. McKenzie’s 
paper, Judge Gary called upon Mr. Willis L. King, Vice- 
President, to take the chair for the remainder of the 
session. Judge Gary acted as toastmaster at the banquet 
in the evening. 

After the banquet, about 275 members took the In- 
stitute special train for Aberdeen, Maryland, and par- 
ticipated in the Joint Meeting with the Army Ordnance 
Association on Friday, October 26. 
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EVENING SESSION 
Remarks in Response to Call of the President 


ADDRESS OF THE PRESIDENT 


Expert H. Gary 


Chairman, United States Steel Corporation, New York 


Hearty congratulations are extended to the members 
of the American Iron and Steel Institute upon the 
abolition of the twelve-hour day in the iron and steel 
industry of the United States of America! Long years 
ago, before most of the business organizations repre- 
sented here today were created, the twelve-hour working 
day became established. To quote the words of Mr. 
Smith, an intelligent, fair-minded workman connected 
with the American Sheet and Tin Plate Company, at the 
annual meeting of the United States Steel Corporation, 
held in April, 1914: ‘‘The employer never established 
the twelve-hour day. Every working man who helped to 
build up the iron business helped to establish it, and the 
refusal in many cases to grant the twelve-hour day would 
have been a sufficient cause for a walk-out many a time.”’ 
The hours on duty were long, though the hard work was 
largely done by machinery, more and more so as improve- 
ments were installed; the compensation per day was com- 
paratively large and the workmen, as a rule, insisted 
upon a continuance of the practice. Because a com- 
mittee, appointed by the Chairman of the Steel Corpora- 
tion in 1911 and headed by the late Stuyvesant Fish, 
recommended elimination of the twelve-hour day at its 
plants, provided the iron and steel industry generally 
would do likewise, the Corporation actively and per- 
sistently took steps to carry into practical effect the rec- 
ommendation referred to. The records of these efforts 
are preserved and are clear. Considerable and increas- 
ing, though not satisfactory, success resulted, until the 
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terrible world war was precipitated, when larger and still 
larger demand for steel to supply war necessities, first 
for foreign nations and later for our own country, com- 
pelled the utilization by manufacturers of every facility 
available for largest production. In the dark days of 
military conflict no one in this country objected to twelve — 
hours work per day. The year after the armistice, for 
the first time, so far as your President recollects, gentle- 
men claiming to represent workmen demanded with 
many other things abolition of the twelve-hour day by the 
steel industry. This demand soon after became a slogan, 
used largely by gentlemen not in any way directly con- 
nected with manufacturing or with manual labor, but 
many of whom probably were influenced by good motives. 
The campaign that followed, the sometimes inaccurate 
representations and unjust accusations that were made, 
need not be mentioned, nor even remembered by those 
who suffered from unwarranted attack. We were help- 
less, for there was legitimately involved the question of 
propriety and desirability of continuing the twelve-hour 
day, and we were unwilling to do or Say anything which 
could be construed as a defense of the twelve-hour day, 
which in our deliberations we admitted must be abro- 
gated when and ‘as circumstances should permit. 

From the date of the Fish report there has never been 
a statement by a prominent steel manufacturer in favor 
of the permanent continuance of the twelve-hour day in 
the steel industry, nor against its abolition whenever 
practicable. 

Finally came the friendly words from that grand and 
good man who occupied the highest position in the 
greatest of all nations, the President of our own beloved 
country. They are of record and are worth repeating: 
‘‘T know I need not tell you that I am utterly without 
disposition to meddle in affairs which are of no official 
concern to me. The story comes to me that you are con- 
templating the discontinuance of the twelve-hour day in 
the steel plants. I would be perfectly willing, if it seems 
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desirable, to lend any consistent assistance in securing 
the acceptance of the principle in other large establish- 
ments. I am only writing to commend and tender any 
prudent assistance if you really have this plan in mind 
and you think it desirable to have anything like a con- 
certed effort in the direction of this important change.”’ 
Then followed the dinner at the White House, attended 
by over forty representative members of the iron and 
steel industry. Full report of this meeting was made at 
the annual meeting of the Institute, May 26, 1922. It 
was then said and published: ‘‘The President frankly ~ 
told all of us what was in his mind. He said: ‘I de- 
clare I have no intention of intermeddling or interrupt- 
ing and, least of all, of injuring the iron and steel in- 
dustry. I think there is a well-defined and perhaps a 
growing sentiment throughout the country against the 
twelve-hour day and in favor of its abolishment. It 
seems clear that this cannot be done successfully except 
by the concerted disposition and action of the industry. 
I think if we can consistently get rid of the twelve-hour 
day it ought to be done, and that is as far asI go. If I 
can be of benefit it would be very agreeable to me.’”’ 
We told the President frankly all the facts, our difficulties 
and our desires. Then the President of the Institute, at 
the White House, and at President Harding’s request, 
dictated a statement of the meeting for publication. 

We pledged our co-operation with the President in 
the effort to eliminate the twelve-hour day in our in- 
dustry so soon as it should be practicable. 

Gentlemen, that pledge has never been violated nor 
neglected nor its fulfillment unnecessarily postponed. 
Everyone familiar with all the facts will testify to the 
good faith and earnest endeavor of the industry. 

Now that you have concertedly, with practical una- 
nimity and with most remarkable promptness, relegated 
to the past a practice you did not inaugurate, but have 
been willing to recognize as undesirable, you are entitled 
to praise for ‘having risen to a great occasion involving, 
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as we believe, no question of morals, but one that became 
a matter of public interest and concern. 

Except for a moderate recession in the volume of our 
business, which at the psychological moment released a 
large number of workmen, the change could not have been 
consummated without further delay. It will be remem- 
bered President Harding wrote, under date of June 18th: 
‘‘T am impressed that in the reasoning of the report (by 
the committee to the Institute, May 25, 1923) great 
weight should be attached to the fact that in the present 
shortage of labor it would cripple our entire prosperity 
if the change were abruptly made. In the hope that this 
question could be disposed of, I am wondering if it would 
not be possible for the steel industry to consider giving 
an undertaking that * * * at any time when there is 
a surplus of labor available that then the change should 
be made.’’ At no earlier date could there have been 
secured a concert of action in the iron and steel industry 
in the effort to eliminate the twelve-hour day. 

In bringing about this change we have met many 
obstacles, some very difficult. The full facts are not 
generally known. It is not necessary nor would be use- 
ful to relate them at this time. We have been striving 
for the accomplishment of a change in business that would 
meet the demands of a sentiment, which was not one-sided 
or uncontroverted, as witnessed by volumes of letters we 
have received; and we are pleased and satisfied. 

The outstanding factor which brought about the 
necessary concert of action, at the time it was secured, 
was the good-natured, positive influence of the President, 
who comprehended our difficulties, and, though he hesi- 
tated to interfere, strongly urged a change in hours 
simply because he deemed it a matter of duty. His 
manner and method convinced everyone familiar with 
the facts of his sincerity and friendship. He was strong 
because he believed he was right. He made friends, not 
enemies. We are glad that we gave heed to his advice 
and reciprocated his friendship, and that he was aware 
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of this before his untimely and universally lamented de- 
parture for a better world. 


You will perhaps listen with patience to some general 
observations, even though there may be nothing said that 
‘isnew. Facts and reasons, if important, may with profit 
be repeated or re-emphasized. 

The iron and steel business in this country has grown 
by leaps and bounds until it has become one of the 
greatest of all the large industries. We have a pro- 
ductive annual capacity of about sixty million tons of 
steel. We employ a maximum of about six hundred 
thousand men, who with their families aggregate a 
population of two and a half million people. We transact 
a business of two billion dollars or more annually. Need- 
less to say, we are important in the industrial life of this 
country. We have a decided influence for good or bad. 
With this goes a great responsibility. We could not 
shirk it if we desired. Each one of us must share in and 
must render an account concerning this responsibility. 

More and more the general public will give attention 
to our stewardship. We should not resent nor disregard 
honest or deserved criticism. Even though sometimes, 
through lack of information or because of vicious motives, 
there may be unjust criticism, if it is based on a fragment 
of the truth there should be no objection on our part. - 

We shall probably be censured unduly and subjected 
to misrepresentation, as we sometimes have been in the 
past. We may be attacked by those who are vicious and 
unworthy, those whose motives are selfish or corrupt. 
In the main, however, it is probable sooner or later we 
shall receive our just deserts, either because claims 
against us are justified or because, if not, the public will 
understand and properly decide. 

There are, and perhaps will continue to be for years 
to come, unprincipled men or demagogues or men S80 
selfish and inconsiderate that they do not think or talk 
straight, who will antagonize without good reason. Their 
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venom may be directed against any line of business, in- 
cluding our own. 

What is the remedy? What is the protection? The 
answer may be stated in a few words. The affairs of 
every man and every line of business should be so con- 
ducted, continuously, consistently and persistently, that 
there could be no just cause for reproach. Even this 
would not absolutely prevent unreasonable antagonisms, 
but in the main would result in benefits that would be 
incalculable. 

Let us make for ourselves practical application of 
these fundamental principles. We desire, we need, the 
good will of the general public. We wish for the ap- 
proval and the friendship of all with whom we come in 
contact, including our employes, our customers, our com- 
petitors and our stockholders. 

Let us always, to the best of our understanding and 
ability, deal justly by all these groups. Let us not inten- 
tionally give ground for reasonable complaint. Let us‘be 
considerate, fair and honest and exercise due liberality 
up to the full limit of consistency and practicability. As 
a matter of duty, of prudence, of safety, we must resolve 
to furnish no cause for attack. 

If we stand for these principles, yielding and modify- 
ing only if and when we are convinced we are wrong, we 
may feel secure, indeed we shall be successful and may 
pursue our avenues of activity with composure and 
serenity. Of course, we shall sometimes fail. Failures 
may be overlooked or excused ; but not if they result from 
intentional wrong. 

We shall be threatened with trouble and sometimes 
assaulted, but good intentions, practically and energeti- 
cally applied, will provide the best and most effective 
armor of defense. 

There is, even to the dull and impervious mind, an 
unanswerable reason for the adoption of the principles 
that have been suggested. It will pay in dollars and 
cents. It will result in profits, not immediate in some 
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ay but certain, in the long run, as a general proposi- 
ion. 

Gentlemen, if we firmly establish the reputation 
which we desire and may attain, we shall build for the 
American Iron and Steel Institute a monument of which 
our successors in the days to come may be proud. 

After the colossal world war of destruction of life and 
property for four years and more, the armistice was 
signed November 11, 1918. The disasters of this war are 
not yet appraised. The full cost is not yet known. The 
final effect will not be ascertained perhaps during the life 
of any person living when the war closed. Reparations 
_ have not been made. International enmities are at fever 
heat. Governments have been overthrown, still others 
have been threatened. Nations have become practically 
bankrupt. Multitudes of men, women and children have 
been and are starving. Even national money has become 
valueless. European countries are drifting, perhaps 
some toward the rocks of destruction. Suspicion and dis- 
trust are predominant in the minds of men. Hate, re- 
venge, brutality, crime are in evidence throughout 
Kurope. A merciful and yet a just God has not yet dis- 
closed to us the fate of our neighbors! in Europe. 

It is doubtful if our Government can at present be of 
much assistance in attempts to restore the equilibrium 
of Europe. Voluntary advice or sympathy just now 
would not be acceptable. Practically, we can be of benefit 
only by example. . 

It would not be appropriate for us to take sides in 
European controversies nor to condemn individual at- 
titudes or conduct; but we know the great seas are not 
wide enough to separate us from the influences of disaster 
in Europe. We are affected in our finances, our com- 
merce, our industries, our civic, political and social life 
and our morals. Citizens of Europe are embarking for 
the United States whenever possible; not always the most 
worthy are included, which is a pity. Their ideas per- 
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meate our social and business life. The whole structure 
of civilization has been shaken. 

If the European atmosphere and conditions domi- 
nated our affairs, our business men might be depressed 
and somewhat doubtful of the future; but fortunately 
they do not. We are, or at least we may be, independent 
of all other countries so far as business progress and 
prosperity are concerned. If we properly conserve and 
utilize our natural resources and legitimately manage 
our private and public affairs, availing ourselves of the 
opportunities that are presented, we may and will con- 
tinuously and adequately prosper. 

It is not necessary at this time to give facts and fig- 
ures relating to the growing wealth and enlarging pro- 
duction and corresponding increase of income. These 
have been frequently referred to. If these are protected, 
developed and utilized we need have no fears for the 
future. 

There will be temporary interruptions, recessions, 
and there will be fluctuations, but the man of business 
courage, with a reasonably clear vision of the long fu- 
ture, pays little attention to temporary hesitation in 
business progress. He knows that the current of pros- 
perity in the United States is so strong that even though 
it may be occasionally modified by unnatural or unreason- 
able obstructions, this will result in accumulation of 
volume and force which will soon be overwhelming and 
stronger than ever before. 

As all fair-minded men will admit, the first essential 
to the welfare and prosperity of a nation and all its 
people is protection, that is, safety of property and per- 
sons, the uninterrupted maintenance of law and order. 
For this everyone is responsible, more or less, private 
individuals, public officials, every department of govern- 
ment, municipal, state and national. For the specific 
administration of government affairs, responsibility is 
placed upon executive branches and very much depends 
upon the attitude and disposition of officials. Therefore 
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the people naturally look to the White House with 
anxious and hopeful eyes whenever there is a new occu- 
pant. 

Almost before a sad and despondent people had re- 
covered their sensibilities after the sudden death of their 
greatly beloved and universally trusted President Hard- 
ing, they began to inquire more particularly into the 
record of the new President Coolidge. 

Some, possibly many, well-meaning citizens went 
directly to the President and inquired of him as to his 
convictions and intentions. They received little informa- 
tion except such as they and the general public already 
possessed, and as to that he was very frank. However, 
the character, disposition and intentions of President 
Coolidge had been registered. His record, his daily life, 
his principles, his innermost thoughts, had been ex- 
pressed in his speeches and letters, official and private. 

It may be assumed that President Coolidge will be 
governed by the same motives as those which have 
actuated an honorable and useful life. Consequently the 
prosperity of this country will apparently have cordial, 
appropriate and effective assistance from the national 
Government, limited only by established rules and prin- 
ciples and the general welfare of all the people. 

Listen to the words of President Coolidge, uttered 
September, 1919: ‘‘Where the law goes, there civilization 
goes and stays. When the law fails, barbarism flour- 
' ishes. Whoever scouts the law, whoever brings it into 
disrespect, whoever connives at its evasion, is an enemy 
to civilization.’’ Again July 27th, 1920: ‘‘The observance 
of the law is the greatest solvent of public ills. Men 
speak of natural rights, but I challenge any one to show 
where in nature any rights ever existed or were recog- 
nized until there was established for their declaration 
and protection a duly promulgated body of correspond- 
ing laws.’? And in January, 1914: ‘‘Do the day’s work. 
If it be to protect the rights of the weak, whoever objects, 
do it. If it be to help a powerful corporation better to 


276 AMERICAN IRON AND STEEL INSTITUTE, OCTOBER MEETING 


serve the people, whatever the opposition, do that. Ex- 
pect to be called a standpatter, but don’t be a stand- 
patter. Expect to be called a demagogue, but don’t be a 
demagogue. Don’t hesitate to be as revolutionary as 
science. Don’t hesitate to be as reactionary as the mul- 
tiplication table. Don’t expect to build up the weak by 
pulling down the strong.’’ 

So much for the character, mentality and courage of 
President Coolidge. Consider for a moment the heart 
and soul of this man. When he was a young man, nom- 
inee for the State Legislature, he was opposed by a 
popular and perhaps experienced politician and the 
results were in doubt. A friend and shoemaker, influ- 
ential because of his sterling integrity, laid aside his 
working clothes and put on his political garb and entered 
the field of contest for his friend, Calvin Coolidge. The 
latter was elected by a small majority. Long years after, 
when from one promotion to another, Mr. Coolidge be- 
came President of these United States, he wrote to the 
shoemaker a letter published in the Literary Digest Sep- 
tember 8th, 1923, as follows: 


Tue Wuirrt Hovusre 
WASHINGTON 


Aug. 6, 1923. 
My Dear Mr. Lucey: 

Not often do I see you or write you, but I 
want you to know that if it were not for you I 
should not be here and I want to tell you how 
much I love you. 

Do not work too much now, and try to enjoy 
yourself in your well earned leisure of age. 


Yours Sincerely, 
(Signed) Catyvin Cooniner. 
Mr. James Lucey, 
Northampton, Mass. 
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Nothing nobler, more tender, more unselfish, has ever 
been written by human hand. 

Such is the strength of character and courage, and the 
heart and spirit, which will actuate the President of this 
great nation. 

What is the disposition of the President concerning the 
affairs of the country? This is shown by a statement re- 
cently made by one occupying a prominent official posi- 
tion as follows: ‘‘It is very evidently the aim and effort 
of the administration to encourage in every way policies 
in both business and politics which will tend to the elim- 
ination of agitation. The very evident desire in all 
governmental quarters is to extend the fullest assistance 
to the constructive forces of the country. The removal 
of elements of uncertainty and of misgivings, and the 
stabilization of business conditions, are a constant aim, 
and the feeling among those most familiar with the re- 
flections of the business situation is that substantial prog- 
ress is being made along these lines.’’ 

It is also important to know the opinion of the Ad- 
ministration concerning the present trend of business. 
This likewise was referred to by the same authority 
already mentioned, as follows: ‘‘The impression in 
Washington seems to be that industry throughout the 
country is proceeding on a commendably conservative 
basis, with avoidance, so far as possible, of unnecessary 
advances in prices, or avoidable expansions which would 
engender keen competition for labor. With a continuance 
of this general attitude, it is felt that business should 
continue generally good for the remainder of this year. 
While there is reticence about making prophecies for the 
future, the general opinion seems to be that if this attitude 
continues there can be reasonable assurance of a pro- 
jection of generally satisfactory business conditions at 
least well into next year.’’ It is believed these state- 
ments represent the mind of President Coolidge. 

From these quotations and observations, the business 
men of this country may form an intelligent opinion as to 
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what may be expected from the governmental adminis- 
tration concerning matters which at this time are of vital 
importance. 

If the business men will do their part and cooperate 
with the President and his assistants in conducting their 
affairs in conformity with the high ideals which we be- 
lieve actuate the President in the performance of his 
duties as the chief executive, there is no reason to fear 
there will be a serious financial or commercial disturb- 
ance or depression during the next few months. 

There are, as always, some hindrances to the natural 
progress and prosperity in the United States. Those 
patent to everyone are the turbulent conditions in other 
countries, already alluded to; the unreasonably high and 
burdensome taxes, national, state and municipal; the high 
costs of production, in some lines unconscionable; and the 
high costs of living, measurably, though not altogether, 
brought about by those who complain the most. 

But there are many reasons for confidence in the 
economic future in this country, outside of those which 
are basic and permanent, including our enormous wealth 
and immense yearly income, which increases as the years 
go by. 

For the calendar year the iron and steel industry will 
show considerable profit, though not as much as the 
capital invested should produce. The new orders are not 
up to productive capacity, but together with those here- 
tofore accumulated, have resulted in large shipments. In 
some lines the demand for immediate consumption has 
been, and still is, in excess of the ability to supply. 

It may be stated with confidence that the outlook is 
good. Inquiries for iron and steel are unusually large. 
many of them urgent. Purchases for railroad and general 
building purposes, for oil development and production, for 
canning purposes, for the automobile trade and many 
other lines are now very large as a total and from appear- 
ances may be expected to materially increase in volume 
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during the next six months, unless something unforeseen 
and unwarranted shall be precipitated. 

The actual purchasing necessities of our commodities 
are very great at present, and there is plenty of money 
to pay for whatever is needed. It is up to business 
management in every line to take advantage of the op- 
portunities offered. Let us have faith in the future and 
do our part, proceeding always with good judgment, 
prudence and within the limits of our resources, but 
steadily forward towards the goal of the prosperity which 
we know is ahead and will be greater than ever before. 


Jupce Gary: The Secretary has an announcement to 
thake. 

Mr. HK. A. S. Cuarxe: I want to call the especial at- 
tention of the members to an item on the program. There 
1s to be a memorial service for the late Dr. Henry M. 
Howe, who was an honorary member of the Institute, at 
the Episcopal Cathedral of St. John the Divine, 111th 
Street and Amsterdam Avenue, at 5:00 P. M. today. 

Jupcr Gary: Gentlemen, before anyone goes out let 
me make a request of you. There have been suggestions 
from some of the very learned men, most of them young, 
who have honored and favored us by preparing addresses 
for our benefit at these meetings, that immediately or 
soon after the first address has been concluded a large 
part of the audience is inclined to leave the room. In the 
past the reasons for that have been good. (Laughter.) 
Now you think you know what the reasons are. But as 
I tell the principal member of my own family sometimes, 
‘‘Your guess is of lightning speed, but it is wrong.’’ 

Tt was until recently quite difficult for those who were 
in the rear of the room to hear what was said from this 
platform, and when some members have been criticized 
for leaving the room they have replied that it was useless 
for them to remain, because they could not hear very 
much of what was said. Now, in the language of one of 
the great artists who presents in a certain daily paper 
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for our entertainment illustrated sketches, ‘‘Them days 
is gone forever.’’? The amplifiers that have been installed 
in this room permit everyone in the hall, I think, however 
far to the rear, to hear every word that is uttered by the 
speakers. 

Nor is it an excuse that what is to be said upon this 
platform is always printed and generally circulated and 
therefore the best opportunity in the world is given for 
knowing and studying the substance of these remarks. In 
answer to that, we should do what we do with respect to 
all of the things in which we are particularly interested, 
that is, hear a speech and then read it afterwards. And 
by doing that we appreciate it more the second time. 

Every last man of you who hears the witty, interest- 
ing and beautiful speeches that Mr. Schwab has been 
accustomed to make for our benefit and at our insistence, 
reads them, as I do, after they have been printed. And 
visualizing Mr. Schwab and his infectious smile, which 
can never be forgotten, we enjoy reading those speeches. . 
I give you this practical illustration to emphasize the 
point I make. 

It is a burden—at least I won’t say a burden—it is a 
task, generally, I think, a pleasant task, for these men to 
prepare these learned, scientific, useful addresses, and 
they are entitled to have a hearing. If anyone has a good 
excuse for leaving even temporarily, like perhaps my- 
self—I do not want to put on any airs of superior pa- 
tience, but I do get tired and I do desire to rest for the 
evening exercises—it is excusable. But for those who are 
able to remain I think you do yourselves more justice and 
satisfy yourselves better if you honor the speakers by 
remaining in the room and hearing them tell what they 
have to say. If I have made an unreasonable request or 
suggestion, so decide. I think it has been justified. And 
not only that, it has been directed to be said by our direc- 
tors at their meeting, who have felt there has been an 
injustice to some of these people who speak. And at 
their command, and no less at my own inclination and 
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pleasure, I am emphasizing the request that you remain 
in the room. 

_ Now gentlemen, having stood upon your feet for a 
few moments, in accordance with the accustomed privi- 
lege of stretching at intervals, and having become rested, 
will you please remain quiet and listen to an address by 
Colonel T. C. Dickson, Commanding Officer, Watertown 
Arsenal, Watertown, Massachusetts. The paper is on 

_ X-ray Examination of Metals. 


X-RAY EXAMINATION OF METALS 


Cotonet T. C. Dickson, 


Commanding Officer, Watertown Arsenal, Watertown, Mass. 


The serviceability of many articles of ordnance is de- 
pendent upon lightness. Many such articles have a factor 
of safety of 114, and a number fairly near unity. Sound 
metal in such parts is therefore essential to the safety of 
the personnel using them. 

A good many component parts entering into articles 
of ordnance are of complicated and irregular shape. 
They can be made most cheaply and with greatest facility 
in the form of steel castings, and a definite knowledge of 
the character, the extent, and the location of defects 
therein is of great value to the designer, particularly in 
meeting the limitations as to weight in those articles the 
service utility of which depends upon their lightness. 

In the hope of assisting the designer of ordnance in 
these respects, a 300,000-volt X-ray equipment was put 
into operation about one year ago in the laboratories at 
the Watertown Arsenal, and it is believed that the results 
so far obtained will prove of interest, and may prove use- 
ful to designers and producers in industrial fields. 

For the protection of those using the apparatus, it 
was installed in a room lined with lead one-quarter of an 
inch thick. Every joint and securing screw was similarly 
covered. A lead-lined periscope containing two mirrors 
enables the operator to view with safety the Coolidge 
tube while making an exposure. 

The first few months of operation were devoted to 
learning the technique, the practical limitations of the 
equipment, the time of exposure for different thicknesses 
of metal, and the interpretation, with as great accuracy 
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as practicable, of the character, location and volume of 
the defects revealed by the film. The results of this pre- 
liminary work were published in Army Ordnance for 
January and February, 1923, and in Chemical and Metal- - 
lurgical Engineering of February 7, 1923. 

The credit for the results so far obtained belongs to 
Dr. Horace H. Lester, who has been in charge of the 
equipment and whose assistance in the preparation of 
this paper is gratefully acknowledged. 

While the equipment has a capacity of 300,000 volts, 
the maker of the tube will not guarantee any life if a po- 
tential higher than 200,000 volts is applied. With that 
' limit, it has been found that the time of exposure for one- 
inch thickness of steel is about one minute; for two inches 
about five minutes, and for three inches about 30 minutes. 
It has also been found, as I will endeavor to show in one 
of the illustrations which appears later, that three inches 
is about the maximum thickness of which the present 
equipment enables us to obtain clear and distinct films. 
I very much regret that the illustrations included in this 
paper do not give anywhere near as clear and distinct a 
view of the defects as do the films themselves. 

The practical results so far obtained may now be 
illustrated. | 

Fig. 1 shows the interior of the exposure room, a 
Coolidge tube, a steel casting known as a trunnion ex- 
tension and the film holder in place ready for an 
exposure. 

Fig. 2 shows a cross section of the trunnion extension, 
the location of the film, the direction of the X-rays and in 
dotted line an almost continuous annular shrinkage 
cavity. The rays penetrated slightly over 4” of metal 
and the time of exposure was about 734 hours. 

Fig. 3 is a print of one of the films taken. The whitish 
area shows the location and gives an idea of the size of 
the cavity. As the trunnion extension is subjected to a 
heavy unit stress, the disclosure of defects by means of 
the films resulted in the substitution of forgings. 
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The conical rollers which support about 400 tons and 
permit the moving of a 16” gun in azimuth are held radi- 
ally by a distance ring made of six steel castings bolted 
together. One of these castings with the Coolidge tube 
and film case in the exposure room is shown in Fig. 4. 

Fig. 5 shows the plan and cross sections of this cast- 
ing. The metal under and adjacent to each of the seven 
bearings is 214” thick and between bearings 134” thick. 

Fig. 6 is a print of the film of the section 134” thick 
and shows no defects. Figs. 7 and 8 are prints of two of 
the films taken of sections 214” thick; the light spots in 
the left part and the light spot near the upper right hand 
corner of Fig. 7 are shrinkage cavities. The light con- 
cave area extending nearly across the middle part of Fig. 
8 reveals practically a continuous shrinkage cavity of 
considerable volume. The information obtained from 
this series of films resulted in the casting being re- 
designed with the annular rims having a uniform cross 
section. 

The shape and dimensions of a steel casting for a 
muzzle brake are shown in Fig. 9. As originally cast, 
shrinkage cavities shown in white in Fig. 10 occurred in 
all of the thick sections, which were prevented by plac- 
ing a riser on each thick section. 

The shape and principal dimensions of a steel casting 
for a grouser used on a tractor are shown in Fig. 11. The 
bottom or exterior view of the casting is shown in Fig. 
12 and the top or interior view in Fig. 13. 

Fig. 14 is a print of an X-ray film taken with the open 
or top side towards the Coolidge tube and the numerous 
cavities appear as white spots. This film is interesting, 
as the whitish stream lines in the two prongs are fine 
cavities made by the flow of gas to the risers. This 
grouser was cut in two and the cavities corresponding to 
the large white spots in the film are shown in Fig. 15. 

Fig. 16 is a photograph of the steel casting for the 
nose of a 1,100-pound demolition bomb, the thickness of 
the wall of which increases from 0.45 inches at the bottom 
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Fig. 1—Interior of exposure room. Trunnion extension casting with Coolidge 


24.625 


tube and film holder in position, 
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Fig. 2—Section of extension trunnion casting. 
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Fig. 3—X-ray film of trunnion extension casting. 


Fig. 4—Distance ring of six castings bolted together, Coolidge tube and film 
case In position on one of the castings. 
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Fig. 5—Plan and cross-sections of distance ring casting. 
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Fig. 6—X-ray film of section of distance ring casting, 134” thick, showing 
no defects. 
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Fig. 8—X-ray film of distance ring casting. 
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Fig. 9—Plan and cross-section of muzzle brake. 


Fig. 10—X-ray film of muzzle brake casting shown in Fig. 9. 
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Fig. 11—Plan and cross-sections of grouser for artillery tractor. 


Fig. 12—Bottom or exterior view of tractor grouser. 
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Fig. 14—X-ray film of top side of tractor grouser. 
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Fig. 15—Tractor grouser cut in two, showing cavities which appear as white 
spots in Fig. 14. 


Fig. 16—Casting for nose of 1100-Ib. demolition bomb. 
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or open end to'1.8 inches at the top. The method used for 
dividing the area of an article to be X- rayed and of iden- 
tifying (by numbers placed on each area) the area cov- 
ered by each film is indicated by the chalk lines and num- 
bers shown in the photograph. The increase in the thick- 
ness of the wall from the open end to the point resulted 
in the decision to make the casting point up, feeding from 
one gate at the bottom or open end and using three risers 
each three inches in diameter. The area of the annular 
right cross section at the open end was 32 square inches, 
the maximum area of right cross section was 52 square 
inches at 19 inches from the open end and the area of the 
‘eross section at the end of the core was 16.5 square 
inches. 

Fig. 17A is a print of the film of the area around the 
three risers and the white spots show the location, num- 
ber and relative size of shrinkage cavities. 

Fig. 17B is a print of the film of the wall near the 
open-end and the white spots show surface irregularities 
and defects in the metal. The three risers were replaced 
with a single riser 6 inches in diameter and the casting 
fed through one gate from the bottom, 14 inch by 5 inches. 

Figs. 18 and 19 are prints of films taken of castings 
made by this new method. Fig. 18C is a print of the film 
taken through the point after all of the riser was cut off — 
and shows no defect, the whitish central part of the photo- 
graph being caused by the thin metal of the partially 
cored fuze seat. The area covered by Fig. 18D shows 
small quantities of sand and a large number of cavities. 
The area covered by Fig. 19E shows two small cavities 
while the area covered by Fig. 19F is free from all de- 
fects; Figs. 19E and 19F are two of sixteen films taken 
of one casting and the only defects were in Fig. 19K. 

The plan and cross section of a cast steel rear cap for 
a 2,000-pound demolition bomb are shown in Fig. 20. - 
The solid central web was 14” thick and the rim 34” thick. 
The web was connected to the rim by six radial ribs 14” 
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thick. The piping or shrinkage cavities found are indi- 
cated by dotted lines. 

Fig. 21 is a print of the film of a rear cap steel cast- 
ing. The web is shown in the central part of the print, 
which contains not a single defect. The exterior annular 
parts of the print were taken with the film in the location 
and with the X-ray beams having the direction shown in 
Fig. 20. The white spots within the annular areas show 
a shrinkage cavity more or less continuous in the rim 
opposite its junction with the central web and having the 
location shown in Fig. 20. Different methods of molding 
this casting were tried and while the one finally adopted 
gave less piping, the piping could not be entirely 
prevented. 

Fig. 22 shows the cross section of a steel casting. for 
the nose of a 2,000-pound demolition bomb with three 
different risers of the three different sizes shown. The 
exterior of this casting is similar in shape to that shown 
in Fig. 16. The thickness of wall varies from 114” at the 
open end to 1.9 inches at the upper end of the core. The 
area of the annular right cross section at the open end is 
61144 square inches. The maximum area of right cross 
section is 7014 square inches and is in the section 0.6 
inches above the open end. The area of cross section at 


the upper end of the core is 32 square inches. When the . 


order was received, the pattern shop and foundry as- 


sumed that the increase in thickness of the wall would. 


insure proper feeding if the casting was molded point up 
and with an adequate riser. The casting was fed from 
the bottom by five gates (2 inches by 34 inch) from a cir- 
cular gate 2 inches in diameter located below the open 
end of the casting. 

Fig. 23 is a print of a film located as shown in Fig. 22, 
and Fig. 24 is a print of a film located near the open end 
of a casting made with the 5” riser. The white spots 
show the location and relative size of numerous cavities 
near the point, while the metal near the open end was 
sound. The whitish streamy lines in Fig. 23 were inter- 


Fig. 17A—Demolition bomb nose casting. X-ray film of area around three 
risers. 


Fig. 17B—Demolition bomb nose casting. 
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Fig. 18C—Demolition bomb nose casting. X-ray film through point after 
riser was cut off, 


Fig. 18D—Demolition bomb nose casting show 
number of cavities. 


ing some sand and large 
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Fig. 19E—Demolition bomb nose casting. Shows two small cavities. 


Fig. 19F—Demolition bomb nose casting; no defects. 
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Fig. 20—Plan and cross-section of cast-steel rear cap for a 2000-lb. demolition 
a a bomb. 


Fig. 21—X-ray film of rear cap casting shown in Fig. 20 


wae 18-30 


_ = 


"Lee 


X-RAY EXAMINATION OF METALS—DICKSON 299 


= 20.25 
iS 
Pa 
; Io AF 
2000 L8. DEMOLITION BOMB-MK.1 
EXPERIMENTAL RISER. 
FIRST RISER USED” \ 
Ck ee 
1 
i nm | wo 
H No 
; o| 7 
rd 
} 
we in 
4 ie 
eels 2375 | 
CLEAN CAST WT 315 LBS. WITH RISER GUT TO THIS LINE e= 
FINISHED WT 295 LBS. 
DOT & DASH LINES SHOW FINISHED NOSE 
NOSE 
“ CAST STEEL ut 
es 


Fig. 22—Section of nose casting for 2000-lb. demolition bomb. 


Fig. 23—X-ray film of demolition bomb nose casting, 5” riser. 
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Fig. 25—X-ray film of demolition bomb nose casting, 714” riser. 
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preted to show comparatively fine shrinkage cavities in 
the metal. This particular casting and other such cast- 
ings were sectionalized and films taken substantiated this 
interpretation. The fine shrinkage cracks found are 
shown in Figs. 31 and 32. 

A 714” riser was adopted and Fig. 25 is a print of a 
film near the open end and reveals no defect. Figs. 26 
and 27 are prints of films of the wall adjacent to the 
upper end of the core. The white spots show cavities. 

As an experiment, two bombs were made with a 10” 
riser. Fig. 28 is a print of one of the films taken near the 
open end and which revealed no defects. Figs. 29 and 
30 are prints of films taken through the wall adjacent to 
the upper end of the core and show that the number of 
shrinkage cavities was materially decreased with the 
larger riser. The cost of the 10” riser made its use in 
production prohibitive. 

To determine the defect that caused the wavy white 
lines in some films, such as Fig. 23, castings were section- 
alized and Fig. 31 is a print of a film of a section about 
4,” in thickness. The white lines in this film were pro- 
duced by very fine shrinkage cracks, which section was 
taken from a casting with a 5” riser. 

Fig. 32 is a print of a film taken from a similar section 
eut from a casting made with a 714” riser. The number 
and the amount of opening of the shrinkage cracks in Fig. 
32 are less than in Fig. 31. 

A comparison of the cross sectional areas at dif- 
ferent distances from the open end in the nose castings 
for both the 1,100-pound and 2,000-pound demolition 
bombs shows that although the thickness of wall increases 
from the open end to the point, the area of cross section, 
or in other words, the volume of metal nearer the point, 
is not sufficient to permit feeding of the molten metal 
from the riser sufficiently to prevent the formation of 
fine shrinkage cracks or what, in the case of ingots, are 
termed secondary piping, and that the nose was not prop- 
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erly designed to be made of a steel casting if homoge- 
neous and sound metal is necessary. 

The revelation by the X-ray film, even through the 
rough walls of a steel casting, of such fine cracks as are 
shown in Figs. 31 and 32 is considered of great value. 

A longitudinal section of a barrel for the U. S. maga- 
zine rifle was X-rayed and the film showed that some 
metal had been burned. 

Fig. 33 shows prints of films taken of transverse and 
longitudinal sections of barrels, the metal shown in the 
two left hand prints was burned and that in the right 
hand was unburned. 

The first casting made from a pattern is X-rayed and 
the film is carefully studied. By cutting a casting open, 
you see only the defects exposed at the section where cut; 
with the X-ray film, you cover the entire metal. The 
study of these films has resulted sometimes in changing 
from a casting to a forging; several of them have re- 
sulted in changing the method of molding or of pouring, 
with the result of obtaining entirely satisfactory castings. 
Some films have shown that the designer has called upon 
the foundry to produce what was not producable. This 
is the practical use we are making of it at the Arsenal. 

Besides revealing cavities and the presence of sand, 
the apparatus will reveal metal that has been burned and 
also the presence of very fine shrinkage cracks; in one 
case a fine crack in a forging caused by working at too 
low a temperature. 

Another very useful field is this: Our designers, 
knowing the location, volume or quantity, and the char- 
acter of defects in the castings, have been able in several 
instances by chills, ete., to locate the shrinkage cavities 
where they do no harm. In one or two cases the cavities, 
so placed, simply decreased the weight, and to that extent 
were useful. When the designer knows exactly where his 
defects are going to be, he can cut down the weight of the 
casting. 


X-RAY EXAMINATION OF METALS—DICKSON 


(Fig. 26—X-ray film of demolition bomb nose casting, 714” riser. 


Fig. 27—X-ray film of demolition bomb nose 


casting, 714” riser. 
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Fig. 31—X-ray film of a 14” section of a steel casting cast with 5” riser, show- 
ing very fine shrinkage cracks. 


Fig. 32—X-ray film of section of steel casting, similar to Fig. 31, but cast with 
714” riser. 


306 AMERICAN IRON AND STEEL INSTITUTE, OCTOBER MEETING 


Fig. 33—X-ray films of burned and good rifle barrels. Transverse sections 
A—Burned, B—Good. Longitudinal sections: C—Burned, D—Good. 


It is considered that the results obtained at the Wa- 
tertown Arsenal warrant the Ordnance Department of 
the Army in adopting the use of the X-ray as a part of 
its inspection equipment for those component parts of 
ordnance for which the fulfilling of the service require- 
ments make obligatory the acceptance only of those ma- 
terials that are known to be free from defects. 

We are doing this work out of appropriations made 
by Congress; the money comes from the taxpayers. It is 
my understanding that the framers of the present Fed- 
eral tax law took great pains to see that industrialists 
paid their full share. You are all very cordially invited 
to come to the Arsenal and see just what we are doing ; 
and if any of you should by chance, as a result, get some 
of your taxes back, we would be delighted. 


Juper Gary: We thank Colonel Dickson. If we had 
the governmental authority we would immediately pro- 
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mote him to the rank of Brigadier General, at least. 
(Laughter.) 

This paper is to be discussed by Dr. Ancel St. J ohn, 
Union Carbide and Carbon Research Laboratories, Inc., 
Long Island City. 


Discussion by Dr. Ancrn St. Jony, 


Union Carbide and Carbon Research Laboratories, Inc., 
Long Island City, N. Y. 


Colonel Dickson, the Government and Dr. Lester are 
to be congratulated on the work they have done. I sus- 
-pect that Colonel Dickson instigated it, the Government 
supplied the means, and he has already given the credit 
for the performance to Dr. Lester. It is a magnificent 
piece of work, one which you men in the steel industry 
cannot afford to overlook. Any of you who have develop- 
ment problems where hidden defects are involved, and 
they are often involved when not suspected, must face 
the question right now, not whether you can afford to in- 
troduce X-ray examination into your laboratory, but 
whether you can afford not to introduce it. For X-ray 
examination of steel in the development laboratory has 
certainly arrived. When, as has been shown at the 
Watertown Arsenal, it is possible to radiograph three 
inches of steel, in a half-hour exposure, with equipment 
at present on the market, and by so doing to record de- 
fects as small as one-fiftieth the thickness of the steel, 
you have a tool that without damaging the sample can 
disclose more of the defects and show more clearly their 
character and location than any other means. Some of 
these defects might be disclosed by sectioning, but even 
if myriads of sections are taken only a few of the flaws 
will be laid bare. . Indeed, many, and frequently those 
most instructive, will be destroyed by merely cutting the 
metal. Others will never be seen. 

I wonder how many of you, who have examined de- 
fects in metals by breaking test pieces, have ever actually 
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recognized a comparatively small shrinkage cavity. 
These cavities exist because of the separation of the 
metal after it has solidified. The surfaces are fracture 
surfaces and cannot be distinguished from the rest of the 
broken face by their appearance. Unless a point by 
point contour diagram over every square millimeter of 
both faces is made the existence of the shrinkage cavity 
will not be recognized. Yet it may have been the cause 
of fracture taking place at that particular point. But 
take a picture of the piece with thé X-rays and the 
shrinkage cavities are recognized at once by their char- 
acteristic jagged outline. At the same time blow-holes 
would be identified by their smooth boundaries and slag 
inclusion by a patchy appearance. 

Colonel Dickson has shown how X-ray examination 
of castings enabled the Watertown Arsenal to modify the 
casting procedure so as to eliminate internal cavities or 
to confine them to regions where they would be innocuous 
or even beneficial. The savings which can be brought 
about by such investigations may very well justify the 
requisite expenditure for equipment. If such an outfit 
as that of the Watertown Arsenal, which is the best now 
available, is installed the cost may amount to $10,000. 
Colonel Dickson has mentioned that the power plant is 
good for 300,000 volts while the X-ray tube is guaranteed 
by the maker only provided it is operated at 200,000 volts 
or less. There is a strong belief in many minds that if 
the tube be immersed in an oil bath the voltage capacity 


will be materially increased so that with the present tubes — 


it would be possible to operate at the limit of the power 
plant. Those who are interested in using X-rays for 
these purposes, however, will not be satisfied with these 
limitations. So the maker of the Coolidge type tube is 
working hard on a tube able to stand even more than the 
300,000 volts obtainable from the present power plant. 
If there is sufficient demand the limit will be pushed to 
400,000 volts and even to 500,000 volts so that it will be 
possible to examine steel five or six inches thick. 


ald manidiaiad 
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It is not necessary, however, to wait for that day be- 
_ fore using X-rays profitably. Indeed that day will not 
come until the demand for more powerful equipment jus- 
tifies the development costs. Existing equipment is 
competent, when installed in the laboratories, to meet 
many requirements, to solve many problems and to point 
the way to many economies in manufacture. ‘There may 
be places where it would be competent to cut down manu- 
facturing costs by routine inspection of material upon 
which expensive operations are to be performed. 

So, I repeat, you must change your point of view. 
Stop asking yourself the question, can we afford to put 

‘in X-ray equipment? Look at the matter from the other 
angle: here is a tool that is so powerful, that can show 
so much, can we afford to be without it? Would we not 
actually save money in a short time by putting it in and 
modifying our procedure accordingly? _ 

Again I submit that the Institute owes very hearty 
congratulations to those who have been involved in this 
epoch-making development of the application of X-rays 
to the steel industry. 


The following discussion was submitted in writing by 
Mr. W. E. Ruder, who was unable to be present at the 
; meeting. 


Discussion by Mr. W. E. Ruver, 


Research Laboratory, General Electric Company, Schenectady, 
New York. 


When I presented my paper on this subject before this 
Institute in the fall of 1919, the peak voltage of commer- 
cial tubes was limited to 140,000 volts, although in some 
experiments therein noted, peak voltages of 200,000 
volts had been used. At the present time an eight 
milliamper tube operating at 200,000 volts is available, 
and in a short time, a tube will be ready which has a 
continuous output of 50 ma. at 250,000 volts, peak value. 
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While this tube has been designed for other purposes and 
has a large focal spot, it can probably be built with a 
smaller focal spot, which is better adapted to metal 
radiography. : 

With this tube, a ten-minute exposure at fifteen inches 
distance, will disclose a 3/32-inch flaw in a piece of steel 
3%4 inches thick. For this test Eastman supersensitive 
film (duplitized) and a Patterson double intensifying 
screen were used. 

Roughly, this means that with this increased power, 
we can now get in a ten-minute exposure what under 
previous conditions would have required several thou- 
sand hours. Aside from the higher voltage of the tube, 
some of this reduction in time is attributable to the 
higher efficiency of the screen and the greater sensitivity 
of the film now available. 

To determine what thickness of metal may be pene- 
trated with satisfactory clearness, with exposures in ex- 
cess of ten minutes, will require more experimental data. 
While this increase in continuous available power enor- 
mously broadens the field of investigation, its practical 
application to metallurgy is still limited to highly special- 
ized fields, where the parts are of comparatively light 
section and of such importance that the highest quality 
must be used, regardless of cost. 

We have to thank such men as Colonel Dickson, whose 
energy and enthusiasm are constantly broadening the 
field of application, for this comparatively recent addi- 
tion to our list of non-destructive testing equipment, 
where it has already found a secure if, as yet, somewhat 
limited place. 


Juper Gary: The next paper is Recent Developments 
in Steel Forgings, by Mr. John L. Cox, Assistant to 


President, Midvale Company, Philadelphia, Pennsyl- 
vania. 


RECENT DEVELOPMENTS IN STEEL 
FORGINGS 


JoHN L. Cox 
Assistant to President, Midvale Company, Philadelphia, Pa. 


The engineer designing a machine requiring parts of 
“unusual size, or operating under unusual stresses, is 
often confronted with the question whether or not such 
parts are practically obtainable. If there be a doubt in 
his mind, he is hardly at liberty to proceed along his 
chosen lines until after consultation with the makers, for 
should the parts require the construction of special plant 
or the development of special materials for their produc- 
tion, their cost would ordinarily be prohibitive. 

Within the past few years, there has been a 
revolution in the construction of power plants. The recip- 
rocating engine of 10,000 H. P. has given way to the 
steam turbine of 87,000-H. P. The Public Service steam 
boiler of 350 lbs. pressure, of which a few were built in 
1922, is succeeded in 1923 by the boiler of 1,200 Ibs. 
pressure. The 1,500-lb. boiler is under consideration 
here, and an experimental boiler for 3,200 lbs. pressure 
is building in England. Such changes have required 
much consultation. 

In many other directions units are being designed 
with parts exceptional in size or quality, which must be 
submitted to the steel manufacturer before confidence 
can be felt that they are procurable. _ 

Again, a knowledge of the obtainable may make pos- 
sible designs employing to advantage steel forgings in 
place of the more commonly used steel castings in parts 
of great size and weight, or encourage the growing 
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tendency to employ the alloy steels in place of carbon 
steel in highly stressed forgings much larger than those 
in which their use has been customary, or influence a 
decision in favor of substituting hardened and ground 
forged alloy steel for chilled cast iron in rolls for cold 
rolling metals. 

It is in the belief that it would be of value to engi- 
neers, generally, to have a knowledge of what is being 
done at present along these lines that I venture to address 
you today on recent developments in steel forgings. 


AuLoy Steet Forernes 


By the companies manufacturing armor, chrome- 
nickel steel has for many years been made into plates of 
great size, and most elaborate heat treatments have been 
devised to produce in them the qualities necessary for 
successful ballistic test. For this use, advantage has 
been taken of the exceptional toughness of this alloy steel 
rather than its possibilities for high tension test figures, 
which are those largely employed in the manufacture of 
parts for automotive engines. Today, industry is avail- 
ing itself of the widely variable properties of this alloy, 
or similar alloys, in forgings of considerable size. A 
notable instance of this is in the recent introduction of 
the use of chrome-nickel steel for: columns -of hydraulic 
presses, where carbon steel proved too weak and it was 
impossible to increase the diameters. Such columns are 
in successful operation today as large as 24 inches in 
diameter and over 36 feet long. A treatment giving 
about 115,000 Ibs. per square inch tensile strength, 85,000 
Ibs. per square inch yield point, 21 per cent extension in 
2 inches and 55 per cent reduction of area, has answered 
well. 

A very interesting use of the possibilities of chrome- 
nickel steel in pieces of considerable size is shown in the 
accompanying illustration (Fig. 1) of an hydraulic 
intensifier built to operate under a working pressure of 
40,000 Ibs. per square inch, and tested to 48,600 Ibs., 
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which is well beyond the 21 tons per square inch maxi- 
mum test pressure of a modern high power gun. Its 
components include the main vessel (showing tensile 
Strength 143,500 lbs. per square inch, yield point 110,000 
Ibs. per square inch, extension in 2-inch tangential bar 
15.2 per cent, contraction of area 50 per cent) and sub- 
sidiary parts of various requirements, in one case show- 
ing tensile strength 173,000 Ibs. per square inch, yield 
point 137,000 lbs. per square inch, extension in 2-inch 
aritadinal bar 15 per cent, contr nition of area 53.9 per 


Fig. 1—Chrome-nickel intensifier for 40,000 pounds pressure. 


cent. Results as high or higher can easily be obtained on 
pieces in the laboratory or the small parts for automo- 
biles or airplanes, but such properties have not often 
heretofore been required in parts comparable to the size 
of this apparatus, the cylinder being 18 inches in outside 
diameter. 

Chrome-nickel and chrome-vanadium steels find 
employment in a recently constructed 32-inch built-up 
container for an extrusion press. The liner is a forging 
of chrome-vanadium steel fully heat treated and moder- 
ately drawn back. The inner member of the container is 
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of chrome-vanadium steel of 110,000 lbs. yield point and 
the outer member of chrome-nickel steel of 130,000 Ibs. 
yield point, the several pieces assembled under shrinkage 
similarly to a built-up gun, so that when the appliance 
is working under full pressure of 47,400 lbs. per square 
inch no part bears over 61,000 lbs. per square ineh fibre 
stress. 

Chrome-vanadium steel has been used for some unusu- 
ally large forgings, as witness this cylinder (see Fig. 2) 


Lp 
1"! ale 


Fig. 2—Chrome-vanadium cylinder. 


Just completed. It is 50 ins. outside diameter, 40 ins. 
inside diameter and 28 ft. 9 ins. long. 


Harpenep Street Rotts 
Another interesting field in an active stage of develop- 
ment is the manufacture of hardened steel rolls. For- 
merly, nearly all cold rolling of strip and sheet metal 
was done with chilled iron rolls. In steadily increasing 
volume these are being replaced by heat treated, 
hardened, slightly drawn, ground and polished rolls of 
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alloy steel, usually chromium, chrome-vanadium, chrome- 
molybdenum, chrome-vanadium-molybdenum, or chrome- 
tungsten-vanadium. Fully hardened rolls of these alloys 
may be made much harder than chilled iron rolls; the 
hardness runs in the neighborhood of 110 to 115 sclero- 
scope. They take a much higher finish, produce a 
correspondingly better surface on the product, and are 
reasonably long lived if treated properly, as they deserve 
to be, for they are among the highest expressions of the 
steel maker’s art. They must not be allowed to run hot 
on the journals, or they may crack there; must not be 
struck on the working surfaces, or they will indent in 
. spite of their hardness; must not be allowed to slip on the 
work, or local heating may cause spawls; must be kept 
slushed, or rust will ruin their mirror finish. Small rolls 
of this type have been on the market for many years, but 
as experience in their manufacture is being acquired and 
‘their merits are becoming appreciated the sizes are 
increasing. Today rolls about 25 inches in diameter by 
40 inches in length of body are readily supplied in the 
hardest grades, and rolls as large as 28 inches by 120 
inches can be furnished with scleroscope readings of 
about 80, or over. No doubt, in time, skill and equipment 
will be available to produce these large rolls with a sclero- 
scope hardness of over 100. 

The exact degree of hardness desirable in such rolls 
depends very considerably upon the character of the work 
to be done with them. A roll reading 95 to 100 sclero- 
scope will far outlast a roll reading 110 scleroscope on 
certain classes of work, especially where much heat is 
generated, as in rolling zine or roughing soft steel, for 
the heat generated may locally expand and spawl the 
surface of the harder roll, which is more immobile. 

In some cases, remarkable results have been secured 
in rolling hard wire by the use of properly designed rolls 
of high speed steel. Though not so hard by the sclero- 
scope as the other type, Brinell readings are dispropor- 
tionately high, and the metal of the roll does not indent 
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Fig. 4—Overgaard crank milling machine in operation. 
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and groove as readily as does the harder metal of the 
usual compositions. 


CRANKSHAFTS 


While no new principles have been developed in the 
manufacture of crankshafts of which I am aware, their 
production has been much facilitated by a new machine 
tool invented in Denmark. It consists of two opposed 
milling heads on horizontal shafts carried by housings, 
each with three adjustments and feeds at right angles to 
each other. Between them, over a pit, is a driven table 
provided with vise jaws adjustable towards each other 
- and with reference to the axis of the table. Clamped 
between these jaws in a vertical position, adjusted 
properly with reference to their axes, the pins and webs 
of a crankshaft can be machined all over by the revolving 
cutters controlled by the feeds provided by the housings 
or by the revolution of the table. There results a great 
economy of time in the machining. Fig. 3 gives a general 
view of this machine and Fig. 4 more clearly shows its 
mode of operation. 


Larce Hottow Expanpep Forainas 


In the production of hollow forgings of great 
diameter and short length, there has been little change 
for many years, but it may be of interest to show what 
has been done in this line. Fig. 5 shows such a forging 
on the completion of its expansion. This particular ring 
is 137 inches outside diameter, 109 inches inside diameter 
and 45 inches long, weighing 85,000 lbs. 

Somewhat similar is the gear reduction ring for a 
turbine driven steamship, shown in Fig. 6, the machined 
dimensions being 136 inches outside diameter, 124 inches 
inside diameter and 50 inches long. Such rings can be 
made up to about 120 inches long. 

Forgings slightly larger in diameter were made some 
years ago by the Bethlehem Iron Co. for Niagara Falls 
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generator field rings, the dimensions being 141 inches 
outside diameter, 131 inches inside diameter and 51 
inches in length. 


Fig. 5—Expanded ring under forging press. 


Larcz Hottow Drawn Forarnes 


In this field there have been ver y interesting devel- 
opments both as regards size and character of fore 
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Recently there have been devised means for increasing 
the yield of gasoline from crude oil by the application of 
cracking methods. Depending upon the original char- 
acter of the oil, this increase may be as much as 13 fold. 
The oil is heated to about 875° F. under 500 to 600 pounds 
pressure while circulating through tubes in a furnace, and 


Fig. 6—Turbine reduction gear ring. 


flows to a large insulated cylinder where the completion of 
the cracking operation takes place. This cylinder, or re- 
action chamber, must stand heat, pressure, corrosion by 
sulphur in the oil, and be absolutely leak proof, for the 
gasoline under high pressure is well above its ignition 
point. The use of forged steel cylinders for this purpose 
has met with signal success. Fig. 7 shows one of the first 
type designed by Dr. Cross. It was 46 inches outside di- 
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Fig. 7—Gasoline reaction chamber, early design. 


ameter, 38 inches inside diameter and 36 feet 1134 inches 
long in the body, weighing 52,000 Ibs. in the rough. The 
ends were closed by heads and covers of cast steel, . 
secured by heat treated nickel steel bolts and nuts. There 
was no leak under 2,000 Ibs. hydrostatic pressure applied 
for eight hours. 


Fig. 8—Gasoline reaction chamber, later design. 
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The disadvantages of a separate head were so evident 
that it was next sought to make the head integral with the 
body. This was successfully accomplished as shown in 
Fig. 8, slope, neck and flange at each end being forged in 
one piece with the body. 

Fig. 9 shows one end of this cylinder with the cover 
removed. The cylinder is 46 inches outside diameter, 38 
inches inside diameter and 41 feet 2% inches in length 


Fig. 9—Gasoline reaction chamber with cover removed, later design. 


overall, weighing 79,000 Ibs. in the rough and requiring 
an ingot of 156,000 lbs. in weight. Fig. 10 shows such a 
forging on the finishing mandrel under the press. 

I have alluded to the high pressure carried by the 
latest boilers. Fig. 11 is illustrative of a Babcock & Wilcox 
poiler building for the new Weymouth Station of the 
Edison Illuminating Co. of Boston. This boiler has ap- 
proximately 19,743 square feet of heating surface and will 
furnish about 110,000 Ibs. of steam per hour at a maxi- 
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mum pressure of 1,200 lbs. per square inch. The eross 
drum of this boiler is a forged steel cylinder 48 inches 


Fig. 10—Gasoline reaction chamber on finishing mandrel. 


inside diameter, 5614 inches outside diameter and 34 feet 
total length over the ends, which are closed in to take a 
12-inch by 16-inch manhole cover. This is one of the 
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largest hollow forgings ever made; the forged weight 
is 162,000 lbs., requiring an ingot of 262,000 lbs. to allow 
for scrap and losses. The billet was cut hot from a 
78-inch octagon ingot, was stood on end and upset to 
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Fig. 11—Babcock & Wilcox boiler for 1,200 pounds pressure. 


about 96 inches in diameter, had a 2314-inch core removed 
with a hollow punch, was expanded to about 50 inches in 
inside diameter, drawn on a mandrel to 45 inches inside 
diameter, 5814 inches outside diameter, annealed, tested, 
machined inside and out, and after closing-in is to be 


\ 
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reannealed, have the throat machined to 1134 inches 
inside diameter and the exterior of the head trued up. 
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Fig. 12—Punched billet for boiler drum, weight about 195,000 pounds. 


Fig. 12 shows the billet under the press after punching 
and before expanding. 

Fig. 13 shows the forging on the roughing mandrel 
and Fig. 14 shows the partly finished forging on its way 
back to the furnace. 
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Larce Soxiw Foreras 


So far as I am aware, with the single exception of the 
new armor plate press at the idle Naval Armor Plant at 
Charleston, W. Va., there has been no very large forging 


Fig. 13—Boiler drum on roughing mandrel 


press built in the United States for a number of years 
past, and the agreement for the limitation of armament, 
by practically ending for ten years the manufacture of 
armor plate and heavy guns, makes improbable any 
increase of their number in the immediate future, but this 


326 AMERICAN IRON AND STEEL INSTITUTE, OCTOBER MEETING 


lack of material progress has been offset by a great 
increase in manipulative skill, so that today it is possible 
to handle large masses and produce forgings of unprece- 
dented dimensions with the equipment at hand. 


Fig. 14—Boiler drum, partly finished. 


Fig. 15 shows a spindle end for a steam turbine, 
maximum diameter 6314 inches, length overall 12 feet 
10 inches. The manufacturer’s tests were cut from the 
rim, as shown, the remainder of the rim being available 
for check bars by the purchaser. The lar ge cavity extends 
inwardly only 50 inches, the balance of the length of the 
forging having an axial hole 2 inches in diameter for 
inspection purposes. 

Experience has shown, both in England and the 
United States, that solid Seine of large diameter, even 
of soft steel, may contain internal transverse er acks 
cutting across the axis, and sometimes running to within 
a few inches of the surface. Such forgings might drop 
in two in the lathe when deeply turned, although appa- 
rently perfectly sound had less metal been removed. Tf 
proper precautions be taken in casting, handling, forging 
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and treatment, such cracks are not produced, but as a 
check upon the makers the most enlightened buyers of 
such large forgings are today requiring the drilling of 
an axial hole in diameter sufficient to permit the introduc- 
tion of a bore searcher (2 inches is about the minimum 
diameter) by which the interior surface of the mass can 
be easily viewed and its soundness verified. This should 


Fig. 15—Steam turbine spindle end. 


be made a regular requirement, both for the buyer’s and 
the maker’s protection. No reputable maker would 
wittingly send out such a defective forging, but if the 
buyer will not authorize boring the piece he has only the 
reputation of the maker as a guaranty of its soundness, 
unless magnetic or X-ray testing can be developed to 
include such sizes. 
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Another type of spindle end is shown in Fig. 16. The 
heads of these forgings finish 6 feet in diameter. 


Fig. 16—Spindle ends, 6 feet in diameter when finished. 


Fig. 17 shows a heavy bending roll 36 inches in 


diameter by 46 feet overall, having a shipped weight of 
150,000 Ibs. 


Fig. 17—36-inch plate bending roll, weight 150,000 pounds, 
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From our early childhood, most of us have been 
familiar with a toy called the gyroscope, but it remained 
for Mr. Elmer G. Sperry of New York to make practical 
use of its uncanny powers. He has applied them in many 
different and most ingenious ways, one of which is of 
interest to us. He has produced gyroscopes of great 
proportions which are used to stabilize vessels, damping: 
their tendency to roll. The rotating body is a steel fly- 
wheel, or rotor, of uniform density, accurately machined, 
most delicately balanced and mounted to revolve in a 
horizontal plane. Such a wheel on its trunnions in the 
lathe is shown in Fig. 18. 


Fig. 18—Gyroscopic stabilizer;ifly-wheel. 
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Fig. 19 shows the mechanism of which it is a part. For 
a large vessel, such a rotor becomes of great size. Fig. 20 
shows two such rotor discs 12 feet 65% inches in diameter 


Fig. 19—Gyroscopic stabilizer. 


by 1634 inches thick. A series of tangential tests has 
been cut from the f 


aces of the dises, where a groove on 
the fae 


e of the finished part makes such testing possible. 
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Fig. 20—Gyroscope rotor forgings, 1214 feet in diameter. 


Shortly before the World War began, the Midvale 
Steel Co. began construction of a 20,000 ton forging press. 
The entablature was to consist of two main steel castings 
bolted together, as shown in Fig. 21. After the first half 
of the entablature had been cast, various considerations 
led to a decision to substitute nickel steel forgings for the 
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Fig. 21—Design for cast entablature 
for 20,000-ton press. 
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Fig. 22—Design for forged entabla- 
ture for 20,000-ton press. 
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Fig. 23—Carbon steel casting for half entablature of 20,000-ton press, 
weight{254,000 pounds. 


carbon steel castings first planned. The decision resulted 
in a modification of the design which is shown in Fig. 22. 
No such design could have been confidently elaborated 


Fig. 24—Nickel steel_forging for half entablature for 20,000-ton press, 
weight 289,000 pounds. 
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without knowledge that its main components were pro- 
curable. Fig. 23 shows one of the carbon steel castings, 


Fig. 25—Ingot weighing 324,000 pounds. 


weighing 254,000 Ibs., and Fig. 24 one of the nickel steel 
forgings made, weighing 289,000 lbs. 
The forging was 12 feet wide in the center, about 9 
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feet wide at the ends, 4 feet thick at the column bosses, 
decreasing to 114 feet thick at the center, and about 28 
feet overall. This forging weighed 289,000 lbs. and was 
produced from an ingot of the general type of the 324,000- 
pound ingot shown in Fig. 25 but weighing 458,000 lbs. 

The press of which this forging is to form a part has 
not been completed. It awaits a call from engineers of 
the country for forgings larger than those entering into 
its own construction, since the treaty for the limitation 
of armament has for the present ended the work for 
which it was originally designed. 


Jupce Gary: This paper is to be discussed by Mr. 
T. D. Lynch, Manager of Engineering Materials Depart- 
ment, Westinghouse Electric and Manufacturing Co., 
Hast Pittsburgh, Pa. 


Discussion by T. D. Lyncu, 


Manager, Engineering Materials Department, Westinghouse Electric & 
Manufacturing Company, East Pittsburgh, Pa. 


It has been my pleasure to assist in some of the de- 
velopments, referred to by Mr. Cox in his interesting 
and timely paper, not as a producer of forgings but as a 
consumer, interested in the development and manufac- 
ture of turbo generators and other important uses of 
forgings, with particular reference to high speed turbine 
service. 

The tendency in the development of turbine work has 
been for higher speed together with greater diameters 
both of which are limiting factors in the production of 
large turbo units. 

The maximum stresses permissible for plain carbon 
steel have already been exceeded and the alloy steels are 
now being extensively used. 

These developments have been along two general 
lines; first, that of increasing the size of the forging and 
second, that of increasing the quality of the forging. 


a 
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Fig. 1—Slotting a built-up turbo rotor. Note the nuts on the ends of the 
assembly bolts. 


_. /03236 4 


Fig. 2—Slotted rotors showing windings in different stages of completion. 
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Large forgings introduce many complications one of 
which is that of internal stresses on account of the large 
mass involved. These stresses may be the result of pip- 
ing or shrinkage cavities, segregation, cooling or heating 
of the ingot, or the result of the forging operation. 

One of the limiting features in these developments 
was that of available machinery, presses and equipment 
for handling and forging large masses. The fact that 
manufacturers are no longer making armor and ord- 
nance renders available these mighty presses for this 
more useful commercial work which Mr. Cox has de- 
scribed ; so that we are now able to use these presses for 
the production of these relatively new types of forgings 
for commercial purposes. 

One of the most important features connected with the 
success of this development, from our point of view, has 
been that of being permitted to test the material in a 
manner that is really representative. It has been our 
policy at all times to make tests on forgings in the direc- 
tion of the maximum stresses to which these forgings are 
subjected in service. In turbo field development this 
makes it necessary to take the tests in a radial direction. 

Fig 1 shows how these forgings are slotted in practice, 
these slots being required to take the heavy coils which 
form the field windings. The finished parts are for ro- 
tating members so that the stresses on the web portion 
of the rotating part are in tension in a radial direction 
due to the combined weight of the coils, wedges and the 
webs themselves (Fig. 2), therefore the radial tests in 
this case are in the direction of maximum stress (Fig. 3). 

In the early stages of turbo rotor development, radial 
testing was ‘‘little known’’ to the manufacturers of forg- 
ings and had to be developed with them. ¥ 

A great majority of our turbo rotors, however, are 
of the built-up type, composed of two spindle ends which 
are upset under a heavy press so as to work the material 
in the direction of maximum stress (Fig. 4) and the 
central portion between the two spindle ends is built wp 
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of rolled plates (Fig. 5), the whole unit being fastened 
together by rabbeting the plates into each other and by 
the aid of through bolts made of chrome nickel steel. 

The spindle ends referred to in Mr. Cox’s paper are 
used for the steam turbine portion of the unit and the 
stresses in this case are circumferential and tests are 
therefore taken tangentially. In other words, our policy 
has been, as indicated above, to obtain the best forgings 
that can be had and then test them in the direction which 
represents the maximum service stress and thereby be 
able to predict the performance with a fair degree of as- 
surance of success. 


Fig. 3—Completed turbo rotor on balancing bed. 


The point which Mr. Cox brings out of having all large 
forgings hollow bored is of the utmost importance and 
we are firmly of the opinion that all large massive forg- 
ings should be so bored and the centers thoroughly ex- 
amined by some periscopic means to insure the absence 
of piping, cavities or cracks within the forging. It has 
come to our attention that the failure of large forgings 
often starts from the center, and an examination of frac- 
tures have clearly shown that the starting nuclei of these 
failures was due to piping or other flaws and it is sur- 
prising to realize how stresses are intensified about an 
apparently small defect. 

The heat treatment of heavy forgings resolves itself 
into the simplest kind of heat treatment, namely, nor- 
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Fig. 5—Rolled plates, machined, drilled, rabbeted and with ventilation ducts 
‘ milled, ready for assembly. 
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malizing for grain refinement, followed by drawing to 
relieve cooling strains. 

Referring to the application of forgings for high 
steam pressure, I wish to call attention to the fact that 
steel under stress, subjected to these high steam pres- 
sures, such as 3,200 pounds and correspondingly high 
temperatures, will be very much reduced in tensile prop- 
erties ; for example, steel subjected to a temperature cor- 
responding to 1,500 pounds steam pressure is equal to 
approximately 600° F., while a pressure of 3,200 pounds 
will correspond to practically a dark glowing heat and 
tests that have been conducted on the physical properties 
of steel at different temperatures are quite conclusive 
that the physical properties fall off very rapidly after a 
temperature of approximately 600° F. has been reached, 
so that in going up to 3,200 pounds pressure a tempera- 
ture will be reached where all normal steels would lose 
perhaps 50% of their tensile value. 

Mr. Cox’s paper brings to us very clearly much of the 
important progress made in heavy commercial forgings 
in recent years, and it is very evident that care must be 
exercised in the manufacture and testing of forgings for 
commercial use equal to that given in the manufacture 
of ordnance, and thus advance civilization and further 
the interests of mankind. 


Jupen Gary: At the conclusion of the next paper, 
which will be very interesting, by a gentleman in China, 
the usual luncheon will be served in the adjacent room. 
I emphasize the fact that at the banquet this evening, be- 
sides some literary productions that may be called for 
and insisted upon, there will be addresses by two or three 
distinguished gentlemen, the Minister of Persia, Mr. 
Hussein Alai, and Lord Birkenhead, recently Lord High 
Chancellor of England. 

After your luncheon, gentlemen, which will follow the 
next address, I hope you will assemble very promptly. © 
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It will be necessary to commence at the hour indicated, 
otherwise we will not be through in time. 

The next paper will be The Economies of the Iron In- 
dustry in China, by Mr. Chung Yu Wang, Liu Ho Kou 
Mining Company, Pekin, China, to be read by Mr. Theo- 
dore Tu, of Columbia University. 


THE ECONOMICS OF THE IRON INDUSTRY IN 
CHINA 


Cuune Yu Wana 


Head of the Technical Department, Liu Ho Kou Mining Company, 
Peking, China 


Indications show that the people of the United States 
have awakened to the idea of the great possibilities of 
foreign trade in the Far East. Hence I hope this paper, 
in which I shall try to set forth in as succinct a manner 
as possible a few of the salient points about the iron 
_ industry in China, may further awaken their interest in 
one of the great basic industries of a nation; that is, the 
Iron Industry in China. 

Let me, first of all, give you an idea of the iron ore as 
well as an estimate of the reserves in China. The follow- 
ing estimate of ore reserves of the iron deposits so far 
known in China, suitable to modern blast furnace work 
as regards type, character and situation (excepting those 
seattered and unimportant sedimentary deposits found in 
almost all of the provinces of China, which may amount 
to 300,000,000 tons and which are only adaptable for 
native furnace work) shows the quantity to be in the 
neighborhood of 600,000,000 tons. 

The iron ore reserves, as estimated by V. K. Ting, 
Director of the Chinese Geological Survey, with, however. 
minor alterations, are as follows :— 
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Theoretical Iron 


Provinces Iron Ore Content 

ROUEN. AN Gciiacsscon ut o% on aoe Le eee 86,469,000 42,896,000 
PM GtIGN ¢ ik. foa.acshun een eee eee 287,580,000 105,205,000 
BRAIN S302 ds aie dene eee eee 22,920,000 14,138,000 
BLOBAN 6 vsiesie's scrne uh ree 3,400,000 1,640,000 
ARWEE td. 2 hea ecu Gas ee 27,500,000 13,525,000 
PAP el soos tod. eee eee 18,260,000 8,771,000 
oe ene a Se Ar io SY 52,687,000 30,095,000 
Binneaiy 3.4. Cue ce oe 39,080,000 20,787,800 
Wiulkion: Sarck deck al cee eee 15,000,000 7,000,000 
Ghakintg sc) Asana ene eee ee 2,300,000 1,050,000 

"Total: Tons, 145-6... nla 7 ces ee ee 245,107,800 


If we include the 300 million tons of scattered and 
unimportant sedimentary deposits, we find that China 
has about one twenty-fifth of the reserves of the world, 
one-fourth that of America, eight-tenths that of England 
and one-third that of France or Germany before the war. 
Looking from another angle, if we should take the per 
capita consumption of iron in China to be equal to that 
in the United States, that is 600 pounds per capita, 
based upon pre-war production, we would have to face 
the consequence of exhausting the 900 million tons of ore 
in about four years. Again let us inquire into the iron 
ore reserves of China in relation to the area of the coun- 
try. It has been assumed, first by Sjorgren and then by 
Kckel, that the resources of iron ore of known countries 
are proportional to their areas, that is 1,646 tons of ore 
per square mile of territory. Now, taking the combined 
areas of China Proper and Manchuria to be 1,896,000 
square miles, we should expect to have, according to the 
above assumption, about 3,120,000,000 tons of iron ore 
as reserves. In reality there are only about 900,000,000 
tons, that is about one-third or one-fourth what there 
should be. The annual production of pig iron by the 
modern furnaces in China will soon reach the 1,000,000 
ton mark, if the iron market continues to improve and if 
the concrete proposals that have been made: soon 
materialize. 
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The following is a list of iron works existing or pro- 
posed, with their maximum production and their present 
production :— 


Maximum ae 
N fae) . Annual eDeLe 7 
ame of Company Locality of Furnace Produce Produc- Remarks 


. tion 
tion for 1923 


Han-Yeh-Ping Co...../Hanyang............ 216,000) 100,000 


Han-Yeh-Ping Co.....|Tayeh............... 324,000} 90,000 
Liu-Ho-Kou Mining 
RG ce es: amicow's ercee nce 5 36,000} 30,000 
Pen Hsi Hu Coal & 
ron’ Coster, oh. Pen Hsi Hu, South 
Manchuria.........] 91,000} 20,000 
ings ¥en! Cosson)... Western Hills, Peking.| 90,000]........ Will be 
blown in 
next year. 
Kai Lan Mining Ad- Under con- 
ministration........ Ching Wan Tao...... TUR UU aan, oe sideration. 
Anshanchan.......... MEDIC En eee sree et 100,000) .*20,000 
SSE SLL Eas ies Sera Pee ardent 947,000} 260,000 
*Estimated, 


It is well known that pig iron is still produced in small 
native furnaces in nearly all of the provinces of China. 
An estimate of the approximate production of ore and 
native pig for the year 1915 gives 499,810 tons for the 
former and 108,330 tons for the latter. 

Regarding the conditions making for the curtailment 
of production at the present time, I shall have a word to 
say later on. 

The following table shows the chemical composition 
of the pig iron produced in the various works :— 


Name of Company Si NS] Ie Mn 
wan tze Foundry Pig No. 1 
Teia-Ee- Hon. Co.) ra Meee 2.50 to 3.00% |0.08% Max |0.05to 0.15 |0.5 to 0.7 
Han-Yeh-Ping Co., No. 1....|2.0 to4.0% |0.03 to 0.08% |0.25 to 0.33% |0.60 to 2.00% 
Meer el stie FI NIN Oo: hese sists. sree |loe sane cele « ae -012 to .047 =‘ |0.07 0.40 


Regarding the cost of mining iron ore in China, it is 
apparent that this will vary according to location and 
type of ore deposit. Let us take the Tayeh Iron Mine 
as a representative type of mining on a large scale. The 
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cost of mining and transportation (about 28 km. from 
the mine to port of shipment) was about $1.00 Mex.* per 
ton in 1913, itemized as follows :— 


Taels 
Salary 2.4. cen es «ane ie erate eee ee 0.154 
; Tubon ned materials 5 05 «cea os ote ee a eee eee 0.241 
"Trahaportation.. 55.5 5 224 ws chs cls samen ete 0.074 
Loading ce. dc.cee ee ee eee a OGLI2 
Miscellaneous rasecics. se = eda eee ee ae 0.143 
Total o. 5 cick Sh thos eee eee 0.724—approx- 
ie imately $1.00 Mex. 


In 1919, due to rise in cost of material and labor and 
including interest and depreciation, the cost per ton at 
port of shipment was $2.80 Mex. I presume the present 
cost varies slightly around this figure. 

The cost of mining in the various small and scattered 
deposits in Hunan, to supply ore to the native furnaces, 
varied from $0.672 Mex. up to $3.36 Mex. per ton. 

It will be interesting to you to know the conditions 
under which contracts for ore delivery have been made 
in China. Japan has been the largest buyer of Chinese 
iron ore, the quantities ranging from 300,000 tons to 
600,000 tons per year. Under the terms of an agreement 
with the Han-Yeh-Ping Co., involving a series of long 
term loans from Japan, there are specified the following 
restrictions as to the grade of ore to be delivered, f. o. b. 
steamer at Tayeh at $3 (Mex.) per ton, with 5 per cent 
additional for shortage:—Iron content based at 65 per 
cent; for every increase of 1 per cent., a premium of 10 
cents Mex. is given; for every decrease of 1 per cent, a 
deduction of 10 cents Mex.; refusal, if 50 per cent or less. 
Manganese content based at .5 per cent; for every addi- 
tional .1 per cent, a premium of 10 cents. Phosphorus, at 
.05 per cent; for each decrease of .01 per cent, a premium 


of 10 cents; for each increase of .01 per cent, a deduction — 


of 10 cents; refusal, if more than .08 per cent. Sulphur, 
-1 per cent; for each additional .1 per cent., a deduction of 
5 cents; refusal, if more than .5 per cent. Copper, .4 per 
~~ * $1.00 Gold =$2,00 Mex. =Ts. 1.45, 
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cent; refusal if more than .4 per cent. The average sizes 
of ore should be between 75 mm. and 150 mm.; and any 
sizes less than 25 mm. are rejected. : 

Recently an agreement has been concluded between 
the Hupeh Government Mining Bureau, operating the 
Hlephant Nose Iron Mines at Tayeh, and the Liu Ho Kou 
Mining Company, operating the Yangtse Blast Furnace, 
for the supply of between 60,000 tons and 70,000 tons of 
ore at $3.60 (Mex.) f. 0. b. lighters at Tayeh, under the 
following terms as to the quality of ore supplied :—Iron 
content based on 60 per cent to 62 per cent; for every 1 
per cent above 62 per cent, an increase of 10 cents; for 
every 1 per cent below 60 per cent, a deduction of 10 
cents; refusal, if below 50 per cent. Manganese, .5 per 
cent; for every .1 per cent above .5 per cent an increase 
of 10 cents. Silica, up to 10 per cent; for every 1 per cent 
above 10 per cent, a deduction of 5 cents; refusal, if above 
20 per cent. Phosphorus .05 per cent; for every increase 
of .01 per cent, a deduction of 10 cents; for every decrease 
of .01 per cent, a premium of 10 cents; refusal, if above 
1 per cent. Sulphur, .1 per cent; for every increase of 
1 per cent, a deduction of 5 cents; refusal, if above .5 
per cent. Copper, .2 per cent; refusal, if above .2 per 
cent. The weight of the ore delivered is calculated on 
the dry basis, with 214 per cent additional for shortage. 
In this connection, I should like to mention the use of the 
following empirical formula, which has been developed 
by me, and accepted in principle by the Bureau of the 
Mines, for the settlement of the price paid for the ore 
delivered this year. 


Let x=price of pig iron when the original contract was signed 
y =price of ore, agreed upon when the contract was signed. 
z=price of pig iron (local market) when readjustment of price of ore is 
made. 
w=a constant. 
A=price of ore in $ Mex. delivered f. 0. b. Tayeh at the time when the 
yearly readjustment is made. 


a=v-(¥-_xY) 
\_4 
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In this case X=Tls. 70, being the local price of pig 
iron in 1919 when the agreement was signed: Y=$4.10 
being the price agreed upon at that time: Z—TIs. 35, being 
the price of pig iron at the beginning of this year: W=4 
arbitrarily fixed, since the cost of ore for one ton of pig 
iron is about 14 of the total cost of smelting. 


35 
A=4.10-(4. 10— 7x4. 10) 


4 
=$ 3.588 (Mex.) say $3.60, which is the ruling price for ore finally 
agreed upon for this year. 


I do not know whether there is any such formula for 
the adjustment of price of iron ore in America. 


Cost or Iron Manuracture In CHINA 


Cost is a thing very fluid, and is not easy for one to 
hold for any length of time. It varies from time to time 
as it depends upon so many variables. So with the cost 
of iron manufacture in China, as well as elsewhere. Its 
usefulness lies in giving us a comparison and in the fore- 
casting of future costs. 

The following table gives at a glance the costs of iron 
manufacture in China, as compared with that in the 
United States :— 


; Liu-Ho-Kou ; United 
Raw Materials Tons he pon Hanyang Penhsihu States 
Furnace) a en a 
1923 1920 1921 1923 
Gold $ Gold $ Gold $ Gold $ 
Tren'Orer on ee en Teel 3.94 3.33 9.50 
Manganese ore...... 0.02 0.14 .33 
Limestone.......... 0.40 0.32 .46 14.83 i ay 
Cok owt A: 5 ae Te 10.76 13.46 10.50 
ae Pea tank th oe) Se ee) We. 
ALODAL ss oes See a $15.16 $17.76 $14.83 $21.25 
Labortiiyi s,s sipe ice 0.55 0.28 1,26 1.7 
Supplies and Stores..]....... 0.30 O12 Sie eee 
Repairs and Main- 

Tenance.;. 25.0, als 0.28 0.19 1,29 
Replacement of Tools|...) | 0.03 0:30. Loe ees 2.00 
General Expenses....|....... 2.60 96 
Financial Expenses. _|... || 2.80 3.60 3.82 
POWUES soi iil oo Ree ee 0.62 128 Oe eee 

EUG alta a eeie esos SC eae $21.72 $23.89 $22.48 $25.00 


et ee eee 
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From the above it is apparent that at present China 
can produce pig iron more cheaply than the United 
States. On the whole, the cost of raw materials as well 
as the cost of labor is lower in China, while the purely 
manufacturing cost is lower in the United States. I am 
not sure whether the financial expenses are included in 
the total figure for the United States as given in the 
above table. 

The number of man-hours per ton of pig iron at the 
Yangtze Blast Furnace is on an average about 17 as 
against between 1.72 and 6.2 in the United States, 
although the labor cost per ton of pig is cheaper in 
China. This points to a moral: cheap labor is always 
inefficient. 

Let us examine the assembling cost of raw materials 
per ton of pig. 


Yangtze Blast Valley Furnace 
Furnace, 1923 (U. 8. A.), 1920 
Gold 
Wokereene rere ae ee enn Aan $3.64 $2.77 
NCGS men ree ere cris: fetes 0.18 0.42 
UU nec eB Sy Ae Oe ee en 1.04 6.47 
seiLPatS) MTS. 2 ite baie ey ae Sear pe ae fone 0.50 
UERGETE a ot (AROS Na ae 9 AP gates er are lad 0.31 


AWOL tec he SA a ee RE es eta $4.86 | $10.47 


The above figures require no comment. 

The present depression of the pig iron market in 
China is an after echo of the world trade depression, 
although the panic in Japan two years ago has added its 
effect upon it. I have reason to believe that under exist- 
ing conditions, China cannot consume more than 100,000 
tons of modern furnace pig iron and so the excess of 
production has to depend upon the Japanese market, 
which, in fact, indirectly controls the local Chinese 
market. The price has grown more and more shaky 
every day. Since the cutting down of prices by the Han- 
Yeh-Ping Co. a few months ago, even the price of T's.33.00 
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fails to interest any buyer at Hankow. Buyers are 
adopting a ‘‘watchful waiting’’ policy. The same condi- 
tion prevails in Shanghai, where buyers are not eager 
to place orders at T's.36.00. 

Owing to financial stringency, the Han-Yeh-Ping Co. 
has been shipping its stock to Japan even at a loss. At 
present Japanese buyers are not eager to place any 
order even at as low as T's.29.00, f. 0. b. Hankow. This 
condition of affairs is indeed gloomy. It would appear 
that the best way for China to get out of this apparently 
hopeless situation is to have more steel works estab- 
lished, big enough to absorb the pig iron produced, other- 
wise she will be obliged to rely upon the J apanese market, 
where Indian pig iron is trying hard to undersell Chinese 
pig iron. May the man at the helm of this industry have 
a wide vision of the situation! 


Jupcr Gary: We adjourn to two o’clock. Be prompt. 

[A recess was taken until 2 P. M.] 

The members assembled in the East Ballroom at two 
o’clock, Judge Gary, President, in the chair. 


Juper Gary: The paper, Investigation of the Influ- 


ence of Temperature on Charpy Impact Value of a 
Group of Steels of Varying Composition, by: Drie a7 
Langenberg, Metallurgist, Watertown Arsenal, Water- 
town, Massachusetts, will be presented. 


INVESTIGATION OF THE INFLUENCE OF TEM- 
PERATURE ON THE CHARPY IMPACT 
VALUE OF A GROUP OF STEELS OF 
VARYING COMPOSITION 


FE. C. LancEnBEerG 


Metallurgist, Watertown Arsenal, Watertown, Mass. 


In a paper* presented to the Iron and Steel Institute 
(of Great Britain) in May, 1923, an account was given 
of an investigation of the effect of temperature on the 
shock resistance of six representative steels, as shown 
by the Charpy impact value. 

These steels represented a high, medium, and iow 
earbon steel, a low carbon nickel-chromium, a medium 
earbon nickel-chromium, and a medium carbon nickel 
steel. The compositions corresponded substantially with 
six standard steels of the American Society of Automo- 
tive Engineers, and were chosen as being of types which 
are of wide interest in engineering circles. 

The steels were tested in two conditions of heat 
treatment, namely, in the annealed condition and in a 
condition of heat treatment similar to one which might 
be commonly adopted in commercial practice. 

The results of the tests made on those steels aroused 
a desire to investigate the effect of temperature similarly 
on a wider variety of steels. A number of steels having 
the following composition were therefore tested, on simi- 
lar lines. This list covers a wide variety of steels, as will 
be noted in the following remarks on the class and typi- 
cal application to which they belong. 


*Journal, Iron and Steel Institute, Vol. 1, 1923, An Investigation of the Behaviour 
of Certain Steels under Impact at Different Temperatures, by F. C. Langenberg. 
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TABLE I—CHEMICAL COMPOSITION AND METHOD OF MANUFACTURE 
ee ee ee 


ANALYSES Method of 
Steel Sha manufacture 


J. |.57|.386-|.010).015] .268] .14| .54).../... 1.51/Electric furnace 
K_ |.38}.18 |.018}.022/1.460/23.7517.08]...]...].... Electric furnace 
M_ |.40/.70 |.037|.060} .260] .26] .12]...|...|....|Aeid open-hearth 
N_ |.56}.31 |.013}.025] .190] 1.15/2.28]...]...].... Electric furnace 
OF}: 10), 35.1 0101 022) (101 3. Feary sa) fe eee Electric furnace 
P |.39).46 |.013].025) .220] 3.44/1.58]...]...|.... Electric furnace 
R_|.22/.52 |.010).021] .235} .09} .91].15]...}.... Electric furnace 
S |.38].74 |.018].022} .250/ .09] .79].15]...|.... Electric furnace 
T  |.23].75 |.010].031] .410] trace] .81]...|...|.... Electric furnace 
U_ {.44).71 |.023).021) .455] .241 .77|.-.1...|.... Electric furnace 
W_ |.21).50 |.010}.037| .225) 1.97} .85]...]...].... Electric furnace 
X |.49/.34 |.020).022) .165] 1.76] .99|...]...].... Electric furnace 


a a ee oe A 


Steel J—Similar to the standard S.A.E. No. 7260. Largely used for valves 
of internal combustion engines. 


Steel K—A steel of the “Stainless”’ type. 
Steel M—Similar to S.A.E. No. 1040. A common structural steel. 


“Steel N—A rather uncommon steel. Can be used for gears and high duty 
parts. 


Steel O—Similar to S.A.E. No. 3312. A high nickel-chromium steel suitable 
for case hardening. 


Steel P—Similar to S.A.E. No. 3340. A high nickel-chromium steel suit- 
able for high duty structural parts. 


Steel R—Similar to S.A.E. No. 6120. A chromium-vanadium steel suitable 
for case hardening. 


Steel S—Similar to 8.A.E. No. 6140. A chromium-vanadium steel suitable 
for structural parts. 


Steel T—Similar to S.A-E. No. 5120. A ease hardening steel, although car- 
bon is slightly higher. than commonly desired for this purpose. 
Steel U—Similar to S.A.E. No. 5140. Suitable for structural parts. 


Steel W—Similar to S.A.E. No. 3220. Sometimes used for case hardening 
but inferior to a steel containing less carbon. 


Steel X—Similar to S.A.E. No. 3250. Suitable for structural parts. 


The above steels were tested at the same temperatures 
as the first set of six steels and in different conditions 
of heat treatment. The heat treatments are described 
in Table V. . 

The methods of preparing test specimens, heating or 
cooling them to the required temperatures, the type of 
specimen, and the impact testing machine used were 
along lines practically identical with the methods adopted 
in the investigation of the first set of six steels, but a 
brief description will be given here. 


— a aa hie ee 


T Sishaesiemnelt cadheenaiiand died a 
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The material was received in rolled bars 13%” square, 
was marked, cut up, heat treated and machined into test 
bars, having the same dimensions as in the first investi- 
gation (see Fig. 1). One test bar was taken from each end 
of each length of the original bars received from the 
makers of the steel, and tested in the annealed condition 
and at atmospheric temperature to establish the degree 
of uniformity of each steel. 


3 
2 “sew Cur : 
a ES 
8 
0.158 ple 


6./02 eS ee be . SEf 


Fig. 1—Charpy Impact Test Bar. 


Table II gives the foot pounds absorbed in fracturing 
representative bars of the steel investigated, when in the 
annealed condition. The average foot pounds and the 


TABLE II—_IMPACT VALUES AND BRINELL NUMBER OF ANNEALED 


END BARS 
STEELS 
Test 
Specimens J K N O iy R SS) aL U Ww | x 
Foot Pounds 

Moe Reisen sical [aleere S.¢ 463.9| 378.9) 455.2/392.2/1151.4) 532.9].....]..... 495 .3]438.1 
i Ta redaleave tote 121.2/552.9| 378.9] 448.3/482.1] 844.5] 510.4/573.2/322.4/552.9/395.5 
Dh s manera aeviore 97.2|485.9] 498.9] 343.1]/414.0] 122.4|.775.5|529.4/349 .41552.9/439.7 
4 We tadterotsore Tat Dies fo 112.6] 608.5]412.3] 880.5} 610.3/624. 1/307 .9|544.2/370.6 
ho ee aeraeens ate a 136.1|449.9| 415.9] 644.2/476.4] 644.0] 283.7/498.9]277.3/468.0]..... 
Gates cass. 98 .4/467.7] 400.3] 485.2/438.1] 642.2] 666.5/552.9/280.4/552.91397.0 
at EN rer ve 97.2|/465.6] 460.5) 801.8]/417.5) 552.9] 602.8/523.8/328.9]514.3/446.4 
ie te ee nee 94.9/536.5| 203.4] 518.4|/472.6] 742.1] 599.2/642.3/290.0/525.7|/463.9 
De Sen ees 121.3/460.5}] 382.1] 754.4|446.4| 515.0] 527.4/567.5/281.9/429.4/415.8 
HOS Set ae 137.5|490.4| 474.6] 608.5]..... 781.5] 610.3/608.5/309.5/463.9]414.0 
MO rete a aN ats wists, © ENG AAR cance S| beg Otel egy Coeucl (ome tonics] (caer ecae a (Ra cone | REO en ee ea 426.1 
TYP we fcuk tic calteeel an Gil [eoestteeetl ommeesey cael (Casmiesres| \areac eagy Recerca ae ppm AOSAO| heragen)| danas sillteuss’ » 
NSA eg bee vic [ope cracked Pygieetnee | Paste noeyel PRES rare Grrcieiel PPC cen [2c earl iene tice Perit) Pear) eae 
Fee ae Heterect Pier Mt apoyo Ul lata, Yo wsstienay iS flare ess: = FO siDllodeyatelt rire aa hige 

Average....| 115.0/484.5] 370.6] 566.7|439.0| 687.6] 571.9/558 8/305. 2/509 .9/420.7 
Percentage 

Mean Diver- 

gence from 

Average..... 13.7%|5.2%|22.9%|20.5%|6:1%] 2.8% |15.1%|7.1%|6.6%|7.1%|5.2% 
Brinell 5 

Number..... 217 | 274 231 180 | 226 142 168 | 147 | 191 | 158 | 202 


el, eee 
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mean divergence from the average, expressed in per- 
centage of the average, are shown. These divergences 
run from about 2 per cent to 22 per cent. 

The degree of uniformity does not appear to be very 
high, particularly in certain steels, but when it is re- 
membered that the differences in impact value due to. 
differences in temperature run to several hundred per 
cent, it can fairly be considered that the irregularities of 
the material in impact value, when in the annealed con- 
dition and at atmospheric temperature, is not great 
enough to materially affect the general conclusions. It 
has also been pointed out that variation in impact values 
greatly exceeds variations in tensile results. If experi- 
ence is confined to tensile tests taken in the longitudinal 
direction of the material, this may be true, but variation 
in tensile test results, when the transverse direction of 
the material is in question, will be found to be fully as 
great as the above figures. It may be noted that in the 
temperature tests no specimens were tested in the an- 
nealed condition, all being tested in a quenched and drawn 
condition. 

Temperatures of tests were as follows: — 80°, — 40°, 
— 20°, 0°, 15°, 32°, 50°, 70°, 90°, 110°, 130°, 150°, 175°, 
200°, 225°, 250°, 350°, 500°, 750° and 1000° F.; two test 
specimens were tested at each temperature. Tempera- 
tures below the atmospheric were obtained by immersing 
the test bars in a bath of acetone. The acetone bath was 
cooled to desired temperatures down to 0° F. by means of 
a calcium chloride solution cooled by an ordinary am- 
monia refrigerating apparatus. The lower temperatures 
were obtained by direct addition to the acetone of carbon 
dioxide snow. Temperatures from 90° BF to--250° 
were obtained by heating the test bars in a Freas con- 
stant temperature oven, and from 500° to 1000° F. the 
test bars were heated in a Hoskins electric muffle furnace. 

The lower temperatures were ascertained by alcohol 
thermometers, the medium by mercury thermometers, 
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Fig. 2—Thermometer in dummy test specimen. 
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and the higher temperatures by means of platinum— 
platinum rhodium thermocouples. 

In tests from — 80° F. to 350° F., a thermometer was 
inserted in a hole drilled in a dummy test specimen and 
packed with magnesium powder, the dummy and ther- 
mometer were placed in the cooling bath or heating fur- 
nace in the center of the group of test bars. An additional 


Fig. 3—Charpy Impact Testing Machine. 
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thermometer indicated the temperature of the heating 
or cooling medium. When the two thermometers gave 
readings as near alike as it was found possible to obtain, 
the temperature of each test bar was considered to be 
very close to the temperature of the dummy test bar as 
shown by the inserted thermometer. See Ries 2 

At temperatures from 500° to 1000° F. a thermocouple 
was inserted in the center of the notch of each test bar 
and the bar was tested when the thermocouple showed 
that the desired temperature was reached. 

In testing, the heating or cooling apparatus was 
placed as conveniently near the impact testing machine 
as possible, and each specimen transferred quickly to the 

TABLE III—TENSILE PROPERTIES AND BRINELL HARDNESS 


Yield Tensile | Elong- 


Point | Strength} ation Reduc- 
: : 3 tion of 
Heat in in in two | Area Byinell 
Steel | Treat-| pounds | pounds | inches, an - Fracture Num bee 
tnent per per per et 
square square cent . 
ine inch 
J LE ete Pc ret Loe cere NAS atest e is GroPsatace Panate waa 2 ck s v aee CA Otte lcd 515 
K 2 44,000 | 94,500 24.8 51.8 |Silky, 44 to 84 cup.......... 274 
se 7 62,500 | 98,850 21.5 51.6 |Silky, cup and serrated...... 230 
N 
8 86,650 | 94,150 25.3 62.3 |Silky, cup and serrated...... 249 
9 72,150 | 122,500 16.8 Sasi silky, falliotipg.. thence 6 Bult! 
O 
10 81,000 | 126,750 ies 51.3 |Silky, full and 3% cup....... 315 
11 85,500 | 103,850 24.2 69.2 |Silky, cup and serrated...... 272 
Pp nee ee aS Se eee 
12 87,350 | 100,000 24.3 GiieiG Ouey Are GUD > os ca ketenes « 261 
13 38,000 | 81,000 26.8 62.3 |Silky, 4 to full cup.........] 199 
a a eee 
14 44,350 | 79,500 28.0 63.1 |Silky, 44 to 3 cup.......... 190 


(| 15 86,500 | 112,150 20.3 58. 
4 


9 |Silky,14 to 34 cupandserrated}] 321 
16 91,000 | 106,250 21.5 63.5 |Silky,4 to 3 cupandserrated|] 308 
8 


17 | 45,750 | 84,750 | 27.7 | 50.8 |Silky, 4 to % cup..........| 194 
T+)! 18 | 59,000 | 108,750] 15.0 | 37.6 |Silky, 34 to % cup.......... 308 
36 |) 42750 (91,750 | 25.2 |" 56.0 |Silky, 34 to $4 cup.......... 230 
20 | 68,350 | 96,000] 24.3 | 64.7 |Silky,34 to %{cupandserrated| 268 
wil 21 | 74,000 | 64500 | 24.7 | 63.9 |Silky,34t0 9, cup and cerrated| 254 
ey as”) eons | 111,650 | 17°7)|' 51.9 Silky, 94 cup......<...+..« 258 
w 23 50,350 | 116,350 16.5 45.2 |Silky, 14 to 34 cup (serrated)} 260 
24 | 84,350'| 105,850 | 21.8 | 62.9 |Bilky, 34 to full cup......... 279 
* / 25 85,500 | 105,000 22.3 62.3 |Silky,¥4 to % cupandserrated| 276 
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machine, the time in transferring being observed by 
means of a stop watch. As was shown in the first inves- 
tigation, the temperature of the test bars at the moment 
of impact closely approximated the desired temperature 
and it is believed that each specimen was tested at a 
temperature within 2° F’. above or below the temperature 
recorded. 

The Charpy impact machine used (see Fig. 3) has 
the following constants :— 


Weight of pendulum.................. 212.3 pounds 
Velocity of impact... snr: choosen 25.7 feet per second 
CADACIUY ; ycaWiew'ee ad titre kee ate eae ong 2199.5 foot pounds 


It was considered interesting to ascertain the ten- 
sile properties at atmospheric temperature of the 
various steels in the same condition of heat treatment as 
when tested for. Charpy impact value at different tem- 
peratures. Standard .505 inch diameter tensile test bars 
were machined from each steel in its different heat treat- 
ments. Table III gives the tensile results and Brinell 
hardness. These figures will be discussed later in connec- 
tion with the Charpy results. 

TABLE IV—ANNEALING TREATMENT GIVEN TO BARS TAKEN FROM TEST 

MATERIAL TO ESTABLISH UNIFORMITY 

a a en 


Steel Treatment 


J Annealed at 1450° F. for 2 hours. 

Annealed at 1292° F. for 6 hours. 

Normalized at 1675° F. for 3 hours and cooled in air. Annealed 
at 1280° F. for 6 hours. 

Packed o sand and heated to 1650° F. for 3 hours and cooled 


yO 2A 


slowly. 
Normalized at 1650° F. for 1 hour. Reheated to 1450° F. for 
3 hours and cooled in furnace. Annealed at 1280° F F. for 


; 6 hours. 
R Packed 4 in sand and heated to 1650° F. for 3 hours and cooled 


slowly. 
5 Normalized at 1700° F. for 11% hours. Annealed at 1450° F. 
for 3 hours. 
T shag js . sand and heated to 1700° F. for 3 hours and cooled 
U Nophiationt at 1675° F. for 114 hours. Annealed at 1280° F. 


for 6 hours. 
W Packed ae sand and heated to 1650° F. for 3 hours and cooled 


slo 
xX. Ndeciattned at 1675° I. for 114 hours. Annealed at 1280° F. for 
6 hours. 


a 


a 
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TABLE VY—HEAT TREATMENTS TO WHICH {THE VARIOUS STEELS WERE 
SUBMITTED 


Hear TREATMENT 
SS tes pens insieresien snr elshasscsson—ursnssuiesssnnind 


No. All heating done in electric furnace, except where noted 


1 | Annealed at 1450° F. for 2 hours. 

2 bine a in salt bath at 1472° F. for 114 hours and quenched 
in oil. 

Drawn 1 hour in oil at 400° F. 


Annealed at 1292° F. for 6 hours. 


Normalized at 1650° F. for 11% hours. 

Annealed at 1425° F. for 114 hours. 

Reheated to 1575° F. for 1 hour-and quenched in water. 
Drawn 3 hours in furnace at 842° F. and cooled in furnace. 


Same normalize, anneal and water quench. 
Drawn 3 hours in furnace at 975° F. and cooled in furnace. 


Same normalize, anneal and water quench. 
Drawn 3 hours in furnace at 1112° F. and cooled in furnace. 


Same normalize, anneal and water quench. 
Drawn 3 hours in furnace at 1247° F. and cooled in furnace. 


Normalized at 1675° F. for 6 hours. 

Annealed at 1280° F. for 6 hours. 
Reheated to 1500° F. for 1 hour and quenched in oil. 
Reheated to 1200° F. for 1 hour and quenched in water. 


As above except cooled in furnace after reheating to 1200° F. 


Packed in sand and heated to 1650° F. for 3 hours and cooled 
very slowly. 

Reheated to 1425° F. for 1 hour and quenched in oil. 

Drawn 3 hours in oil at 500° F. 


Packed in sand and heated to 1650° F. for 3 hours and cooled 
very slowly. ; 

Reheated to 1550° F. for 1 hour and quenched in oil. 

Reheated to 1400° F. for 1 hour and quenched in oil. 

Drawn 3 hours in oil at 500° F. | 


10 


Normalized at 1650° F. for 1 hour. 
Annealed at 1450° F. for 3 hours. Per, 
Reheated to 1450° F. for 1 hour and quenched in oil. 

Drawn 1 hour in furnace at 1150° F. and quenched in water. 


11 


As above but cooled in furnace after the draw at 1150° F. 


Packed in sand and heated to 1650° F. for 3 hours and cooled 


very slowly. a 
Reheated to 1550° F. for 1 hour and quenched in oil. 
Drawn 3 hours in oil at 500° F. 
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TABLE V—HEAT TREATMENTS TO WHICH THE VARIOUS STEELS WERE 
SUBMITTED—Continued 


Heat TREATMENT 


All heating done in electric furnace, except where noted 


Packed in sand and heated to 1650° F. for 3 hours and cooled 
very slowly. pies 

Reheated to 1625° F. for 1 hour and quenched in oil. 

Reheated to 1450° F. for 1 hour and quenched in oil. 

Drawn 3 hours in oil at 500° F. 


Normalized at 1700° F. for 11% hours. 

Annealed at 1450° F. for 3 hours. athe 4 
Reheated at 1600° F. for 1 hour and quenched in oil. 

Drawn 1 hour in furnace at 1150° F. and quenched in water. 


As above except cooled in furnace from draw at 1150° F. 


Packed in sand and heated to 1700° F. for 3 hours and cooled 
very slowly. 

Reheated to 1500° F. for 1 hour and quenched in oil. 

Drawn 3 hours in oil at 500° F. + 


Packed in sand and heated to 1700° F. for 3 hours and cooled 
very slowly. 
Reheated to 1500° F. for 1 hour and quenched in water. 
Drawn 3 hours in oil at 500° F. 


eee SE Ie eh Ale Fe 

Packed in sand and heated to 1700° F. for 3 hours and cooled 

very slowly. 

Reheated to 1625° F. for 1 hour and quenched in oil. : 
Reheated to 1450° F. for 1 hour and quenched in oil. — 
Drawn 3 hours in oil at 500° F. | 
Fae ea ea te A ; 
Normalized at 1675° F. for 114 hours. 
Reheated to 1600° F. for 1 hour and quenched in oil. ; 
Drawn 2 hours in furnace at 1200° F. and quenched in water. 


As above but cooled in air from draw at 1200° F. 


j 
pee 
Packed in sand and heated to 1650° F. for 3 hours and cooled 
very slowly. i 
Reheated to 1400° F. for 1 hour and quenched in oil. : 
Drawn 3 hours in oil at 500° F. 


a ag 

Packed in sand and heated to 1650° F. for 3 hours and cooled 

___ very slowly. + 
Reheated to 1600° F. for 1 hour and quenched in oil. ; 
Reheated to 1400° F. for 1 hour and quenched in oil. 
Drawn 3 hours in oil at 500° F. | 


Normalized at 1675° F. for 1% hours. 

Reheated to 1500° F. for 1 hour and quenched in oil. 

Drawn 2 hours in furnace at 1200° F. and quenched in water. 
As above but cooled in furnace after draw at 1200° F. 


In condition as received. 
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The heat treatments given to each steel are described 
in Tables IV and V and are numbered for reference 1 in 
ensuing tables of results. 

The heat treatment processes were carried out with 
great care, all temperatures being closely watched and 
recorded by base metal thermocouples recording on 
Leeds & Northrup recording potentiometers. The test 
material was treated in short lengths (614 inches) cut 
from the original bars, and small Hoskins electric fur- 
naces were used except where noted in the table of heat 
treatments. Heat treatments were checked by Brinell 
tests after each treatment, and in certain cases, where 
uniformity was unsatisfactory, a treatment was repeated. 


Discussion oF REsuLts 


Table VI shows the average foot pounds absorbed in 
the Charpy tests by each steel at each temperature. These 
figures are also represented graphically in curves plotted 
for each steel tested (see Figs. 10 to 21). The test re- 
sults afford a mass of highly interesting data, from which 
many observations may be drawn. 

To remark on all the interesting features presented 
by the figures and curves would lead to a more extended 
discussion than is here contemplated, therefore, a few 
steels have been selected for particular attention when 
grouped for comparison in similar classes, or as ap- 
plicable to similar purposes. 

This investigation being in effect a continuation of 
the earlier published article on the first six steels, data 
from that research is here employed in order to present 
certain comparisons of the behavior of steels of certain 
compositions. 

Fig. 4 gives a graphic representation of the results 
obtained on three plain carbon steels (Steels G, D and I 
of the first investigation). The test results are from the 
material in both the annealed and heat treated conditions. 
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Heat Treatment of Steels G, D and E were as 
follows: 


Anneal 
Steel G—Annealed at 1697° F. 
Steel D—Annealed at 1652° F. 
Steel E—Annealed at 1553° F. 


Heat Treatment 


Steel G—Heated to 1652° F., held one hour, quenched in oil; reheated 
to 1400° F., held one hour, quenched in oil; drawn at 500° 
F. one hour, cooled in air. 


Steel D—Heated to 1562° F., held one hour, quenched in water; drawn 


at 1112° F., held one hour, cooled in water. 
Steel E—Heated to 1472° F., held one hour, quenched in oil; drawn at 
842° F., held one hour, cooled in air. 
The carbon contents were as follows: 17, .36 and .83. 
At a temperature of zero and lower, there is practically 
no difference in resistance to impact, when these steels 
are in the annealed condition. At a temperature of 


. 2E a 5.5.5 Wremacrenmes kor vESTS 
Fig. 4—Results on three plain carbon steels: 
Steel G=C .17, Mn .69, Si .053, 8 .036, P .053, Ni .11, Cr .00.' 


Steel D=C .36, Mn .68, Si .260, S .044, P 1054’ Ni 35’ Gr .09. 
Steel H=C .83, Mn .65, Si .123, $1029; P {027’ Ni .24, Cr .04. 
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100° F’., the low carbon steel has a resistance to impact at 
least thivas times that of the .83 carbon steel. At a 
temperature of 200° F., the low carbon steel has a re- 
sistance to impact nine times that of the .83 carbon steel. 
The very sudden and rapid increase in resistance to im- 
pact in both the low and medium earbon steels in the 
annealed condition occurs in the temperature range 100° 
to 200° F. In considering the heat treated condition, it 
may be remarked that the low carbon steel had received 
a treatment corresponding to that received by the core of 
a case hardened article; the medium carbon steel, a 
quench and a draw such as would be given when the ma- 
‘ terial is used for structural parts. Comparing Steel G, 
the low carbon steel, in the heat treated condition, with 
the same steel in the annealed condition, it will be ob- 
served that the sudden rise in resistance to impact occurs 
in the temperature range —80° to 0° F. when the material 
is heat treated, whereas the rise occurred in the range 
100° to 200° F. when the steel was in the annealed con- 
dition. Similarly the great rise in resistance to impact 
in the medium carbon steel occurs in a very much. lower 
temperature range when the steel is heat treated than 
when the same material is in the annealed condition, the 
rise occurring at some 150° F. lower. 

Although many comparisons can be drawn eS this 
group of curves, one outstanding feature is evident, par- 
ticularly in the medium carbon steel. The tensile proper- 
ties of this steel in the annealed state were as follows: 


Yield Point, Tensile Strength, ; 
in pounds per in pounds per Elongation Reduction 
square inch square inch in 2 inches of Area 

35,500 71,500 25.6% - 39.2% 


When heat treated, the following values were found :— 


i int, Tensile Strength, ‘ 
eat tage in pounds per ris Elongation Reduction 
square inc square inc in 2 inches of Area 

47,500 81,650 26% 60.6% 


Although heat treatment has not materially increased 
the tensile properties of the medium carbon steel, the re- 
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sistance to impact at 100° F. has been raised more than 
ten times. 


s 
a 
POUNDS) ABSORB 
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Fig. 5—Results on nickel steels: 
Steel P=C .39, Mn .46, Si .220, S .025, P 013, 
Steel B=C .31, Mn .41, Si .223, S .036, P .045 
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On Fig. 5 are grouped a medium carbon nickel struc- 
tural steel (B) and a medium carbon nickel-chromium 
structural steel (P). Since steels of both of these com- 
positions have been employed in the manufacture of gun 
forgings and other ordnance, they are of particular in- 
terest. The nickel-chromium steel, represented by the two 
upper curves on the graphs, was subjected to two heat 
treatments identical in every respect, with the exception 
of the rate of cooling from the final tempering or draw- 
ing operation, one set of test bars being quenched in 
water from the drawing temperature and the other set 
being cooled in the furnace. 


The tensile properties of the nickel steel after heat 
treatments were as follows: 
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Hes ie on Tensile prpength 

unds in pounds per El ti R ti 

square inc square inch in ‘a hichea es agen r. 
77,650 99,350 7 22.8% 58.1% 


The tensile properties of the nickel-chromium steel 
after heat treatment, when slowly cooled from the draw- 
ing heat, were as follows: 


_ Yield Point, Tensile Strength, 
in pounds per in pounds per Elongation Reduction 
square inc square inch in 2 inches of Area 
87,350 100,000 24.3% 67.7% 


The yield point of the nickel-chromium steel is ap- 
proximately 10,000 pounds higher than that of the plain 
nickel steel. 

Attention is invited to the fact that the resistance 
to impact of the nickel-chromium steel throughout all 
temperature ranges is superior to that of the nickel steel. 
When the nickel-chromium steel is quenched from the 
final drawing operation, the resistance to impact in the 
lower temperature ranges is decidedly increased. It has 
been the practice in this country to employ a plain nickel 
steel in the manufacture of gun forgings, whereas cer- 
tain foreign countries have made extensive use of nickel- 
chromium alloy steels. Work at Watertown Arsenal has 
clearly demonstrated that nickel-chrominum steels give 
very satisfactory results when employed in gun forgings 
—if the steel has been properly made. With any given 
tensile property, the resistance to impact, particularly 
in the lower temperature ranges, is decidedly higher for 
nickel-chromium steels. Difficulties, however, encountered 
in making satisfactory nickel-chromium forgings are not 
inconsiderable, and it has been the general experience 
that the losses in process are considerably higher than 
when a straight nickel steel is utilized. It will also be 

observed from the curves in question that the resistance 
to impact of the nickel-chromium steel when quenched 
from the final drawing temperature is decidedly higher 
than when the same steel is cooled slowly from the final 
drawing temperature. This is particularly noticeable in 
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the temperature range from —80° to 100° F. At about 
200° F. the rate of cooling from the final draw does not 
appear to be of any marked significance. A great many 
experiments have been conducted both in this country 
and abroad on this subject, and many blanket statements 
have been made, such as the following: ‘The quench 
from the drawing heat will increase the resistance to 


impact of a certain steel 100%.’’ It is obvious that such — 


blanket statements are not warranted unless the tempera- 
ture at which the test was conducted is closely specified. 
In the case of the particular steels under discussion, the 
improvement in impact value at 70° F. by quenching 
from the draw temperature is approximately 100%. At 
175° F., the improvement is barely 15%. The very great 
increase in resistance to impact in the lower temperature 
ranges by the treatment referred to would at once sug- 
gest that gun forgings should be quenched in this manner. 
It has been found by practical experience that this treat- 
ment, unless very carefully conducted, introduces serious 
internal strains, which are often of such magnitude that 
the forging will warp during the final machining oper- 
ations to an extent causing a total loss of the piece. It 
is unfortunate that theoretical advantages to be derived 
from this treatment cannot in practice be fully utilized. 

Again referring to the simple nickel steel in the heat 
treated condition, its resistance to impact does not seri- 
ously decline until a temperature of — 40° F’. is reached. 
Since lower service temperatures than this are very sel- 
dom, if ever, encountered, this behavior is not considered 
of vital importance. 

There has also been introduced on Fig. 5 a curve 
showing the variation of resistance to impact of the 
simple nickel steel in the annealed condition. The much 
lower values obtained, particularly in the lower tempera- 
ture ranges, when contrasted with the heat treated state, 
are to be noted. Ata temperature of 0° F. the heat treat- 
ment given to this steel increased its resistance to impact 
approximately five times. At a temperature of 200° F 
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the resistance to impact was increased approximately 
twice. 

In Fig. 6 are assembled four curves derived from two 
steels, one containing both chromium and vanadium and 
the other containing chromium alone. The chromium 
steel was oil quenched and drawn, a portion of the bars 
being water quenched from the drawing heat and another 
portion being cooled in the air. The chrome-vanadium 
steel was also oil quenched, a portion of the bars being 
water quenched from the drawing heat and another por- 
tion being furnace cooled. The tensile properties of the 
two steels were as follows: 


Seek Sea? e a 
oint, trength, ongation | Reduction . 
Ses ely 2 alas of in pounds j} in pounds | in 2 inches| of Area, eae 
per per per cent | per cent ere chs 
square inch} square inch 
Chromium Steel 
(Steel U) 

No. 20— Water 

quenched from draw- 

ine heat aes soc «src 68,350 | . 96,000 24.3 64.7 268 


No. 21—Cooled in air 
from drawing heat..} 74,000 94,500 24.7 63.9 254 


Chrome-Vanadium 
(Steel S) 
No. 15 — Water 
quenched from draw- / 
amp heaton... oe <= 86,500 | 112,150 20.3 58.9 321 


No. 16—Cooled in fur- 
nace from drawing 
DOA ectncae thaksina2 91,000 | 106,250 2175 — 63.5 308 


The tensile properties of the chrome-vanadium steel 
are higher than those of the straight chromium steel, 
and it is not the purpose of these curves to draw a com- 
parison between chromium and chrome-vanadium steels. 
The resistance to impact of the chromium steel as shown 
on Fig. 6 is higher throughout than that of the chrome- 
vanadium steel, but this is partially, at least, accounted 
for by the difference in hardness of the vanadium steel, 
the final drawing heats not being identical. 

The point to which attention is especially directed in 
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Fig. 6—Results on chromium steels: 


Steel U=C .44, Mn .71, Si .455, S .021 
Steel S=C .38, Mn .74, Si .250, S .022 
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Fig. 7—Results from two case hardening steels: 


Steel R= C .22, Mn .52, Si .235, S .021, P .010, Ni .09, Cr .91, V .15. 
Steel T=C .23, Mn .75, Si .410, S .031, P .010, Ni .00, Cr 81° 
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these curves is that the rate of cooling from the final 
drawing heat has very little effect upon the impact values 
at any temperature. This is decidedly in contrast to the 
behavior of the chromium-nickel steel previously dis- 
cussed. 

On Fig. 7 curves have been plotted from data obtained 
from two case hardening steels; one a simple chromium, 
and the other a chrome-vanadium steel. Both steels were 
given corresponding heat treatments, namely, a single and 
double quench after a treatment corresponding to a car- 
burizing operation. | 

Referring, first, to the chrome-vanadium steel repre- 
sented by the solid line, its resistance to impact has been 
“materially increased by the double quenching operation. 
This is particularly noticeable in the lower temperature 
ranges. The exact reverse occurred with the simple 
chromium case hardening steel, but this is accounted for 
by the partial hardening effect of the second quench at 
1450° F. In examining case hardened articles which 
have failed in service, in cases where the double quench 
operation has been applied, brittle cores are often en- 
countered. This is due in many cases to the partial 
hardening of the core on the second quenching operation. 
A temperature of 1450° F. is sufficiently high to cause a 
partial hardening of the core in the steel in question, 
thus causing the double quench values to be inferior to 
those of the single quench. 

There is a very strong opinion at the present time, 
and it is believed to be rightly maintained, that the car- 
bon content of such a steel as the one under discussion 
should at least be under .20 in order to obtain uniform 
and satisfactory results in case hardening. The curves 
presented on this figure indicate one of the dangers likely 
to be encountered by the use of a steel in case hardening 
whose original carbon content is too high. The particular 
steel under discussion, namely the simple chromium steel 
(Steel T') has a somewhat high silicon content, consider- 
ably higher than the chrome-vanadium steel (R), and 


—— 
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Fig. 8—Results from three case hardening steels after carburizing operation hy 
followed by a single quench: 
Steel T=C .23, Mn .75, Si 410, $ .031, P .010, Ni .00, Cr .S1. 
Steel R=C .22, Mn .52, Si .235, S .021; P .010, Ni .09, Gr .91, V .15. 
Steel W=C .21, Mn .50, Si .225, S .037, P .010, Ni 1.97, Cr .85. 


Fig. 9—Results from same steels as in Fig. 8 
followed by double quence 


after carburizing operation 
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this fact must not be lost sight of in the above con- 
siderations. 

Fig. 8 represents results obtained from three case 
hardening steels after being subjected to a treatment 
corresponding to a carburizing operation followed by a 
single quench. Under the conditions imposed by a single 
quench, the maximum resistance to impact is shown by 
the simple chromium steel. The next in order of impact 
value is the chrome-vanadium steel, while the chromium- 
nickel steel is decidedly inferior, particularly in the 
lower temperature range. The chromium steel and the 
chrome-vanadium steel give values which are not very 
divergent. 

Curves are shown in Fig. 9 representing results ob- 
tained from the steels previously discussed, after they 
have been subjected to a treatment corresponding to a 
carburizing treatment followed by a double quench. The 
double quench has very materially improved the behavior 
of the chrome-vanadium steel, particularly in the low 
temperature range. Although the nickel-chromium steel 
has had its values improved in the lower temperature 
range, the chrome-vanadium steel is still decidedly su- 
perior. The comparison to the simple chromium steel 
after the double quench is not exact, since this steel was 
partially hardened in the last quenching operation. 

As a matter of interest, Fig. 10 is also introduced, on 
which the results obtained from a steel of the ‘‘stainless”’ 
type are plotted. It is of general interest to note that 
with this steel the resistance to impact does not 
decrease in the low temperature range, and, in fact, is 
higher in the range —80° to 0° F.. than elsewhere on the 
temperature scale investigated. This behavior is in 
marked contrast to any of the other steels which have 
been examined, and it is believed that this property in 
steels of this type may later prove of great service. 

Many further comparisons and contrasts may be 
drawn from a detailed study of the figures in Table VI 
and their graphical representations to be found in Figs. 
1 to 21, 


370 AMERICAN IRON AND STEEL INSTITUTE, OCTOBER MEETING 


>< me cy et ce ont ~- 


*A[UO useUll9ads uD, 


— ee es eee 


9¢9 £29 909 Ich ecg, OBR [rire titre t eles ete e ele cwrens 188 Z6L Pn a iere Wem oases 986% I 0001 
686 916 896 916 869 vE9 vIL SEP G8Z TS% vor CLL wd a ek ek COs 
L801 | STOT | S88 | 68> POL TE9x | 166 029 9EP 61€ Lov Pe. Eh st eo ee A 009 
696 610T | 99¢ vgg POL 89 TIOL | €29 LLY 6PE LvV GIG) APOE Hee See, A OSE 
868 086 €&9 S09) fT? | OR. te 686 969. vOS GLE vEP 4 Ti Mee OE nee A 096 
T88 £96 929 6&9 199% | 609 LE8 002 £69 Soe 9EP ay ain BE penne 5144 
068 186 919 909% | STL TE9x | 996 g99 9T¢ 00v LLY es tb cares & PaaS a igh ‘A 00 
929 618 GL9 679 LIL PL9x | OL8 $89 ggg T9€ BoP eS ae feet “A oGZT 
POSS Te 829 96¢ 169 929% | 826 STZ O6F vSé Gog West Clee as eee, J OST 
0S L&8 L09 LOG GP9x | 9ESx | TL8 €9¢ SIP I8€ SSP Set A. ie oa A .O&T 
SGP 678 G6 GGG 899 819% | 82 OF9 66F 8&8 LOP 2 RS Ei Ces A OTT 
£68 88 ¥8¢ 9F¢ 82g S6¢ |. 969 809% | 26E ole Tore PEG oh ea ee ee I 06 
917 T&8 669 TLS P89% | 6g 049 €0L* | OLF 98z gog SOlG pa ee ee A OL 
96€ P18 vP9 &6¢ 909 |" """"] g@¢ 8SP €L& 961+ | 68h A en eas ‘A 009 
96¢ 8E8 0L9 GLY TLS €8¢ 9€S% | €L 69S% || BLP ey Ler set ans ee at A GE 
OLE 9F8 009 6LP 667 989% | O9%% | 61T PLS €0T &1¢ PER he ef Pai a 02 Pde d ST 
L9E €18 61¢ &LP SEEx | S6Ex | 998 £86 G8Z+ | LOTx | SP Oe re fle Oe. ee is A 0 
6g¢ PLL ScT POV CCC rae ae €TT+ | 98 GGG 68x £0S OLE STP 2 bs thes Fi A .06— 
60€ 6S9 9FS LLE T&& Iev F6x 6 Cox 9L 16¥ sig eal: Wie a piea i ele BB a A Ov— 
OFE S99 51 cor &¢¢ 8SE PLEx | LL ELx Go. 88 00g Sle ghtce et ar e- A 09— 
FI&y c6e 19% lif FI Sx (YY Ae Re Maio Ke ar cater 1 dara 66F GOZ | ott cette rc ereeete 4 .08— 

a ee ee 

susuljoadg OM], JO esvIOAW ‘saNnog Loo GOvVaGAy 8389], JO soinqerodwmay 
a ee ee 
ras II or 6 8 Z 9 sy ¥ &« é T yUSUIFBaLy, Va 
d d O O N N W W W W aw 5 [19938 


S~—S—S—=—80M09M0M0=”—M”$”$@mps@™”@@©@”0—S—SS000.0.0 SSS 
SHUALVYAMINEL LNAYaIAIG LY ANIVA AdUVHO—IA AIAVL 


INFLUENCE OF TEMPERATURE ON CHARPY VALUES—LANGENBERG 371 


“AjUO useul9eds suOy 


ChP GLY G9E ESE CUP COP LLY 668 99F COP COV GGG OPV tate Pre cOOOT 
c¢c9 299 L8G 80€ 6€8 6¢2 OTS L196 9SP PL9 8S¢ 289 SOS ee ear eee OS, 
1&8 6€8 I1€ Os€ OF6: | 028 8g¢ VLEx | fO9 ToL ESL LL9 CCOE eae t "HT 000¢ 
82 908 9ZE 907 198 898 129 I8€ FI8 182 802 GLL SLL al oa tak, "HOSE 
TS9 618 68 SOV &18 T@8x | 309 SEP 682 OGL. | STL got Asa Mlle SL SSE ANS 
PIL £08 T¢é LEV 868 882 LE9 907 898 GIL CPL 908 Sie eeeeiee teeuce 
089 o9L €&E FOV 408 108 809 TOV 982 FOL TTL 662 GR WE rere ae “HL .00Z 
£02 692 OVE IGP 882 028 669 COP 608 6G% | LE9 698 GLO! ail ats Geaegeac A oGLT 
LIL SCS relay Gow Set mee, 661 LTS I1g¢ 672 LEG 82S 698 ESS) Waiter hae “A OST 
O€Lx | SIL PIE CGE 8hL L6L 00¢ GSE 098 L¥9 I&V 806 COL aly ae et COE 
GLI LOL LOE €1€ 692 IG8% | ScP 9Z§ T8¢% | GOS LE9 898 SG) | eae mga nd oO Eds 
T¥9 GGL 692 €E 002 CEL £66 8Té €09 GGs LVS 1&8 tea ie g “006 
LE9 LLL COE BIE £99 162 66P OSE 809 vIE SIP 8E2 OSel Pras oa decOy, 
909 692 16Z rere GOG 0g9 O8€ 90€« | 60¢ PGE 99P LOL OOS ee ae ata as A 0G 
88P FEB 6G 996 697 L6¥ OVP 9 8g¢ 9¢§ LE§ 0S9 SR IP ee et ae 
TPP eS G8G 961 O9F OLP L8€& 616 8T¢ 9€§ S9P 0&9 CSG: iki) Shea ae ee “A OST 
61 GIL 8E% GGG voy ISy OF 883 69h 662 OVE 06¢ CS sae lees deat a A 0 
61Ex 18¢ 98C 9LT GLE ISP 082 OFS 88€ T6Z CTE 669 SSCs | ae eee A 006 — 
60E 889 69T Ll céé 6EP €6T 69S 968 €S6 062 82S LOGS Win gett A OV 
FOE OFS SFI | G6x GE 06€ PELE sons te 9Z§E FOG LES OCS PGCK ee "Ht 09—- 
EEEx T9P 88x 66x 9VEx eve (at PLT L9G 661 SFT L9§ EGG a See oe A 08— 
re ee ies ee 
susUTI0edg OM, Jo eBvIOAY ‘saNQOg LOO, apvATAy ns Seen 
a Ee ee ee ee ee 

&% SG &% oS TZ 02 61 8T LT OT ST tI €1 juowlyeely, 789 
xX x M M fl 1 iL iL iL $ $ 3 a 19998 


OO ——— 


372 AMERICAN IRON AND STEEL INSTITUTE, OCTOBER MEETING 


[racers rammed § YY SEER KE 


Fig. 10—Results from steel of “stainless” type: 
Steel K=C .38, Mn .18, P .018, S .022, Si 1.46, Ni 23.75, Cr 7.08. 


Fig. 11—Charpy Impact Values at different. temperatures: 
Steel J=C .57, Mn .36, P -010, S .015, Si .268, Ni .14, Cr .54, W 1.51. 
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Fig. 12—Charpy Impact Values at different temperatures: 
Steel M=C .40, Mn .70, P .037, S .060, Si .260, Ni .26, Cr .12. 
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Fig. 13—Charpy Impact Values at different temperatures: 
Steel N=C .56, Mn .31, P .013, S .025, Si .190, Ni 1.15, Cr 2.28. 


374 AMERICAN IRON AND STEEL INSTITUTE, OCTOBER MEETING 


5.08 | Ss .t00 |\Maw Chee 


Po a5~ 
<6 


= Ps 
™. 


~ 
\ \I 
‘ * 
yo X 
‘ 


macuere mont YY SUTURE TY | 


Fig. 14—Charpy Impact Values at different temperatures: 
Steel P=C .39, Mn .46, P .013, S .025, Si .220, Ni 3.44, Cr 1.58. 


Fig. 15—Charpy Impact Values at different tem peratures: 
Steel O=C .11, Mn .35, P .019, 8 -022, Si .210, Ni 3.76, Cr 1.39. 
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Fig. 16—Charpy Impact Values at different temperatures: 
Steel R=C .22, Mn .52, Si .235, S .021, P .010, Ni .09, Cr .91, V .15. 
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Fig. Pree hare Impact Values at different temperatures: 
Steel S=C .38, Mn .74, Si .250, S .022, P .018, Ni .09, Cr .79, V .15. 
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Fig. 18—Charpy Impact Values at different temperatures: 
Steel T=C .23, Mn .75, Si .410, S .031, P .010, Ni .00, Cr .81. 
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Fig. 19—Charpy Impact Values at different temperatures: 
Steel U=C .44, Mn ‘71, Si .455, 8 .021, P .023, Ni .24, Cr .77, 
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Fig. 20—Charpy Impact Values at different temperatures: 
Steel X=C .49, Mn .34, P .020, 8 .022, Si .165, Ni 1.76, Cr .99. 
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Fig. 21—Charpy Impact Values at different temperatures: 
Steel W=C .21, Mn .50, Si .225, S .037, P .010, Ni 1.97, Cr .85. 


Jupce Gary: This paper is to be discussed by Mr. H. 
J. French, Bureau of Standards, Washington, D. C. 


Discussion by H. J. Frenca, 
Physicist, Bureau of Standards, Washington, D. C. 


There has long been need for intensive study of the 
effect of temperature on the mechanical properties: of 
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metals, particularly steels. Recent tendencies toward the 
use of high superheat and steam pressures in power 
plant equipment, problems arising in construction of con- 
tainers for ammonia production and the cracking of oils, 
attempted modifications in marine engine design and 
sudden failures of airplane metal parts at the low tem- 
peratures encountered at high altitudes, have each im- 
pressed upon engineers our limited knowledge of the 
behavior of metals at high and low temperatures. 

Dr. Langenberg has added materially to one phase of 
available data on this important subject, and by his ex- 
tensive investigation makes it possible to point out many 
features of general interest in addition to the detailed 
comparisons cited in his report. 

One of the outstanding features appears to be the de- 
pendence of the properties of steels upon both composi- 
tion and heat treatment throughout the major portion of 
the temperature range covered (—80° to 1,000° F.). 
This is in agreement with results obtained some time ago 
in static tensile tests carried out at the Bureau of Stand- 
ards.* It was found that the temperature scale from 
70° to about 1,300° F. could be divided roughly into three 
parts, namely, (1) the range 70° to about 850° F.; (2) 
the range 850° to about 1,100° F., and (3) the range 
above 1,100° F. 

In the first range, the tensile properties were largely 
functions of composition and heat treatment and, in gen- 
eral, combinations which gave highest strength at ordi- 
nary temperatures showed superiority throughout the 
entire range. However, steels low in carbon appeared 
most desirable on account of the generally low ductility 
of the high carbon alloys, particularly in the neighbor- 
hood of the blue-heat range. In the second or ‘‘transi- 
tion’’ stage, the properties obtained were to a larger de- 
gree dependent upon the composition owing to the 
‘‘weakening”’ effect of the higher temperatures and the 
fact that the benefits derived from initial hardening were 
~- ¥Iron Age, July 26, 1923; Aug, 2, 1923. 
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overcome to a large degree by the high-temperature tem- 
pering required for stability. In the third range com- 
position was of even greater importance. 

Dr. Langenberg has called attention to the superior 
resistance to impact of nickel-chromium steel compared 
to 3.5% nickel steel and likewise to the superiority of 
chromium or chrome-vanadium compared to chrome- 
nickel steel. Apparently chromium becomes the ‘‘key’’ 
element, and in this connection it may be of interest to 
cite comparisons of the tensile properties of carbon and 
alloy steels based on thirty series of tests from 70° to 
about 1,300° F. Of this group the six steels showing 
highest proportional elastic limits at various tempera- 
tures are given in Table A, together with their prelim- 
inary heat treatments and tensile properties. It will be 
noted that at 1,025° F. five of the six contain chromium; 
-at about 560° F’. four of the six, and at 70° F. but three 
of the six contain this element. Thus chromium appears 
to be highly beneficial in the quantities ordinarily used 
and in comparison with many of the other alloying ele- 
_ments at present employed in commercial steels appears 
to ‘‘stiffen’’ as well to to ‘‘toughen’’ the resulting metal 
in those temperature ranges in which composition is of 
prime importance as compared to heat treatment. 

It should be kept in mind that there is no direct rela- 
tion between the factors now ordinarily determined in the 
two types of test, i. e., tensile and impact. It is, therefore, 
all the more gratifying to note the consistent deductions 
which may be drawn from these two separate inves- 
tigations. 

It is of interest to note that steels and treatments giv- 
ing highest impact resistance at ordinary room tempera- 
tures around 70° F. do not necessarily show the same 
degree of superiority at higher or lower temperatures 
and in quite a number of cases the order is reversed. A 
similar condition was observed in the static tensile tests, 
already referred to, and shows the need for readjustment 


380 AMERICAN IRON AND STEEL INSTITUTE, OCTOBER MEETING 


8°09 ER 6 OOS'ITT |4te A .0SZI— 110 “I (OSZT 00s‘E9 
$ 0s $°LE QOL IT joes ne “we coset ed i 000 +9 
6° SE 2 000‘9TT See eee ee eee ne me “A 09ST . . ee er ee es . . 092'99 
v'9E 0'1Z OOP'ZET | Are WT OTTI—a09UM “yf .O9CT ; i ye ae ot ae eee ; 000 22 
CUP C61 008'FFT ee ae Ie “A 09ST ~ oe o* . . 000'88 
T'€9 0°1S 00G 6ET | We T OLII— [0 Wy .0SeT 0¢9 OTT 
“A 002 V 
SST gL OOF'26 |e T OSZI— 10 “4 .00IZ eae i ‘0 | 000‘8¢ 
v's 0°08 OO9ATT | eT OLLI—10}a “Wy CLFT eA TO gk oa Be Ne re 4 OGL €9 
¢'6F $°9% 009'8ZI | Ue “WT OLTI—1078M “iT .09GT eee eh ; : 000°02 
83°F 0°81 OOS js are ONT 008 FL 
T’€9 G°&% OOTZAT Jeet sare “aT LOOST 009 LL 
¢° 6h ¢°6I OOSTEL |HE A OTII— [0 “wf .0SsT 0S 88 
“0099 1V 
8° F8 0°98 UN 2: a ene at: O74 4 § OSZ‘Iz 
FOL 0°22 00902 ete cesceesees Ie “VT OOST 0g2‘€% 
€°9L £°9G 00909 |B -T OSZI— [10 “af (OSZT 0S2 Sz 
2°91 0°SI 008°69 UCT OSZI— [0 FT .001Z s2'cl} 180 | 000’ 
8°FL $° SS DOG GS Tre ae " Te“ OS9T 86°T | 88°0 | 000°¢e 
9°08 g°&?S 00496 |e 7 OTTI— 10a .oset 66°0 | 42°0 | 00¢‘0F 
‘A S201 IV 
. 74909 Jeg | qouy erenbg qouy erenbg 
“gu00 Jog seqouy ded spunog queUlyeery, yor ied spunog 
‘Bory jo OM], UI *q9300149 “Wunr’y oselqy 


uoTjONpey wornjesu0T S[994g 944 Jo sIsAjeuy euorjiodoig 


erisuay, I 
“CA 00ST 97 .02 e8uvr 043 UI $389} JO Selles QE ynoqe uO paseg) 


‘SHLLUTIOUT ATISNAT, GNV aasy 
SUNSNLVEUT, LVGY HLIM ‘SHUALVETAWH, SAOTUVA LV SLINYT OLLSV I TYNOMUOdOUd LSGHDIY ONIMOHY STAGLY XIgG—"y aay af 


INFLUENCE OF TEMPERATURE ON CHARPY VALUES—FRENCH 381 


in the methods of design of equipment for high or low 
temperature service. 

Attention should also be directed to the fact that no 
marked increase in brittleness was observed DY. Dr, 
Langenberg in the blue-heat range, where plain carbon 
steels ordinarily show a high degree of sensitivity to me- 
ehanical work and where, in tensile tests, low or minimum 
values of elongation and reduction of area are encoun- 
tered. This again illustrates the importance of the time 
factor in the behavior of steels at high temperatures and 
the necessity for care in the interpretation of test data re- 
lating to this subject. 

Disregarding for the moment any detailed compari- 
sons, the work carried out by Dr. Langenberg clearly 
shows the importance of both composition and prelim- 
inary heat treatment in the behavior of steels at various 
temperatures and again emphasizes the need for further 
information which will not only make possible the devel- 
opment of materials better suited to high and low tem- 
perature service, but also permit a more rational method 
of design for such conditions, in place of the present one 
of basing engineering calculations upon the properties at 
ordinary room temperatures. 


Jupce Gary:. These both were very interesting 
papers. I am sure you have been delighted. 

The next paper, Open-Hearth Furnace Regenerators, 
by Mr. F. B. Quigley, Superintendent, Open-Hearth 
Department, Ohio Works, Carnegie Steel Company, 
Youngstown, Ohio, will be presented. 
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OPEN-HEARTH FURNACE REGENERATORS 


F. B. QuicLEy 


Superintendent, Open-Hearth and Bessemer Departments, Ohio Works, 
Carnegie Steel Company, Youngstown, Ohio 


A furnace in which the heat of the waste gases is used 
to warm the air or gas entering the furnace is either a 
_ recuperative or a regenerative furnace. In case the air 
or gas is warmed continuously by the waste gases, it is 
called a recuperative furnace. If, however, the escaping 
gases are used to heat brickwork, which after being 
heated is used to heat the entering gas or air, it is called 
a regenerative furnace. In other words, a regenerator 
is alternately heated by the escaping waste gases and 
cooled by the entering gas or air. 

In 1828, it first occurred to J. B. Neilson to heat the 
blast for the blast furnace. From 1857 to 1861, at the 
suggestion of his brother, Frederick, Wm. Siemens 
applied the regenerative principle for producing a high 
temperature in furnaces. In the blast furnace, regenera- 
tion is not essential, but rather economical; while in the 
open-hearth furnace, it is absolutely essential in order to 
obtain the temperature required to operate the furnace. 
When spoken of in connection with the open-hearth 
furnace, using producer gas, regenerators mean a gas 
and an air chamber at each end of the furnace with suit- 
able reversing valves which permit the two chambers at 
one end of the furnace to be heated by the waste gases 
while the other two are heating the air and gas entering 
the furnace. 

Various Types anp Dzsicns 


In the early days the checker chambers were built as 
part of the foundation of the furnace proper, which was 


384 AMERICAN IRON AND STEEL INSTITUTE, OCTOBER MEETING 


a poor design (see Fig. 1). There was always the chance 
of steel breaking through the bottom of the furnace and 
filling up the checkers. With the regenerators set to one 
- gide of the foundation of the furnace proper, repairs can 
be made to either without disturbing the other. Another 
early design (see Fig. 2) used horizontal checkers. This 
had many disadvantages. The full vertical area of the 
horizontal checker chamber is not heated evenly, because 
the gases tend to pass through the upper checker open- 
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Fig. 1—Type of open-hearth furnace showing checker chambers built in 
foundation of furnace proper. 
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ings to the exclusion of the lower openings, while the 
incoming air seems to seek a different course, which 
lowers the possible regenerative efficiency, since the air 
is not preheated to its maximum extent. Also the hori- 
zontal chamber gives no propelling action to the gases, 
since the only draught effect obtained is from the ae 
to the furnace. 

The design for modern furnaces uses vertical checker 
chambers for both gas and air. It has numerous advan- 
tages. The hot air rises naturally in the vertical 
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Fig. 2—Type of open-hearth furnace showing horizontal checker chambers, 
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chamber, due to the decreased density caused by the 
increase in temperature of the air as it rises from the 
cooler checkers in the bottom rows to the hotter ones on 
top. ‘This produces a positive pressure to the air which 
forces it through the port and helps to control the pro- 


jection of the flame on the bath. This pressure is not so. 


necessary with the gas because it comes from the pro- 
ducers under pressure. 


CHECKER Bricks anp CHECKER DESIGN 


Ordinary (9’x41%"x214”) fire brick on edge and laid 
in the ordinary way were among the first bricks to be 
used in building up checkers. Since 1” is about the effec- 
tive depth in brick for heat absorption and emission, 
which makes a 2” brick the proper thickness, the 9”. brick 
came close to being the proper one to use as regards 


thickness, but it was found that this thickness of brick . 


did not give a stable construction, as the brick was easily 
upset. With this thickness of brick the salvage is less 
than a regular checker block, when the bricks are torn 
out. To conform with these latter two requirements, it 
has been thought best to use a checker block 1014’x414"x 
4%”, which gives 6” square openings between bricks. 
(See Fig. 3.) 

There is a special shape brick used at one plant which 
has the top longitudinal corners of the brick, when laid 
on edge, rounded off, which affords less opportunity for 
dust and dirt to lodge. 

There are a number of designs for laying checkers. 
The following are some of these and the advantages 
claimed by their inventors. 

Danforth Checkers—This checker, designed by George 
L. Danforth, who claims a gain of 11% to 20% in produc- 
tion and a reduction of 10% in fuel when replacing a 
previous checker design. A 214"x414”x9" brick is used. 

In the Danforth design (see Fig. 4) there are pro- 
vided, in the upper part of the checkers, wells through 
which the gases will to a gradually increasing extent 
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Fig. 3—Open-hearth furnace regenerator showing ordinary design for laying checkers. 
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Fig. 4—Open-hearth furnace regenerator, Danforth design for laying checkers. 
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by-pass the original or ordinary entrances that become 
obstructed, and enter the vertical flues by the side 
entrances at a lower elevation, providing additional 
entrances to the checkerwork. . Placing the brick flat 
instead of on edge obtains a larger base of contact with 
the adjacent bricks and a lower center of gravity. 

The two principles incorporated are :— 


1. Laying the thin bricks on their sides with adjacent ends apart to 
obtain the maximum exposed surface with a stable construction. 

2. Providing in the upper part of the checkerwork enlarged passage- 
ways to by-pass the gases around the original entrances that become 
obstructed by deposits. 


According to Figs. 3 and 4, showing the ordinary 
design for laying checkers and Danforth’s design, 
Danforth’s design has considerably larger heating 
surface. A large part of the increased heating surface 
is, however, obtained by placing the adjacent bricks 
apart, and it is extremely questionable if this additional 
heating surface is as efficient as the more fully rEnarcs 
surface. 

Orth Checkers—Designed by Frank Orth mee Fis. 5), 
using 1014"x410’x41,” or 9”x414’x21,,” bricks. Whereas 
the vertical flues in the standard regenerators are of 
uniform cross section from top to bottom, the Orth 
checker openings are of larger area at the top or hot gas | 
end but are reduced in area in four successive stages 
toward the bottom where they are smallest. This 
arrangement gives a more uniform velocity to the air and 
' waste gases, due to their change in volume at different 
temperatures. The Orth regenerator openings, by reason 
of their very much larger openings, catch and divert, it 
is claimed, a very much larger proportion of the gas as 
it flows across the top. On the ground that the adhesion 
of the dust depends both on the velocity of the gas and 
its temperature, the deposition of dust on the four or five 
upper tiers is disproportionately heavy, and here occurs 
the sharpest check to the velocity of the gas. The claim 
is that a larger proportion of the dust passes through the 
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flues to the stack and the dust is not burned on the bricks 
so hard. Since this style makes a hopper-shaped hole it 
would appear to be harder to clean. 

Quarrie Type—In B. D. Quarrie’s design, the end of 
one brick on edge is placed against the middle of another 
brick on edge, which gives a vertical flue type of checker 
similar to the one used in blast furnace stoves, see Fig. 
6. This design prevents the diagonal flow of gases down 
and across the checkers which obtains in the checkers as 
ordinarily laid. This design gives stable construction, 
even when using the thinner brick which gives more 
exposed surface than the thicker brick. One objection to 


* the stove type is that the gases go through this well with- 


out giving up their heat as efficiently as in the other styles 
of checkers. The remedy for this is to make the chamber 
deeper and narrower. A convenient brick to use is 
1314”x6"x214”. 

The objection to this design is that if the top clogs up, 
the entire vertical flue is useless. It has, however, a 
distinct advantage in that it is readily cleaned. 

Bonsor-Loram Type—tThis design (see Fig. 7), by 
Mr. Bonsor of Lorain, Ohio, uses a 15”x6”x3” or a 12”x 
4”x314” brick with the adjacent. ends together or 1” 
apart, laid otherwise in the ordinary way. At about the 
bottom of the bulkhead of the chamber, provision is made 
for blowing the checkers with air. At this point three 
courses of brick are run, one on top of the other, length- 
wise of the checker chamber. The next course extends 
the other way, as usual. This makes an exceptionally 
large horizontal opening the length of the chamber into 
which an air pipe can be inserted. At Lorain, the 
checkers are blown about once a week while the furnace 
is operating with only air going through the checkers. 
This blowing helps especially with the coke-like deposits 
which result from using tar asafuel. _ 

Auailiary Air Regenerator Chamber—Thomas H. 
Kenvin has proposed a design for regenerator chambers 
which includes one extra chamber, between the usual two 
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Fig. 7—Open-hearth furnace regenerator, ean design for laying checkers. 
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chambers, which can be used on either end of the furnace 


while the regular chamber is off for repairs. 
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: 


Fig. 8—Modern arrangement of checker chambers and flues. 


Checkers for Pulverized Coal—With the use of pul- 


d coal for fuel in open-hearth furnaces it has been 


found that special regenerative construction is necessary, 


verize 


4 
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in order to take care of the excessive ash content of the 
waste gases. When first tried with regular checker block 


it was found that openings closed rapidly, and as a result © 


the practice today is to use large tile, giving large open- 
ings, or some other arrangement using piers or baffle 
walls. It has also seemed advisable to use removable slag 
pockets to reduce the amount of ash carried over to the 
checkers. Some method whereby the ash is deposited 


before entering checker chambers will assist in the suc- ° 


cessful use of pulverized coal. 

Modern Flue Arrangement for Regenerators—This 
design provides for the checker chambers to be built on 
an angle pointing towards each other, so that the outgo- 
ing flues from the checker chambers will be approxi- 
mately radial to the stack from both chambers, which 
will also give the easiest flow line and the shortest route 
for the gases to the stack or waste heat boilers, see 
Fig. 8. , 


PROPORTIONATE Sizb or CHAMBERS FoR AIR AND Gas 


The Carnegie Steel Company’s Open-Hearth Com- 
mittee has decided upon the following as the minimum 
requirements in regard to size of regenerators for a 
100-ton producer gas furnace :— 


AIR CHAMBER 


30’X 12’X 20’ deep \ : 
68 cubic feet per ton of steel / Entire chamber 
150 square feet of heating surface per ton of steel 


GAS CHAMBER 


30’X8’X 20’ deep . 
46 cubic feet per ton of steel \ Entire chamber 
100 square feet of heating surface per ton of steel 


Referring to Fig. 6, it can be seen that the dimensions 
of the total chamber given allow a height of checker brick 
above the rider walls of 10’ 1014”. 

The air chamber should be larger than the gas cham- 
ber, because the air comes to its chamber cold, while the 
gas is at a considerable temperature before it gets to the 


— 
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checker chamber and it requires more than one cubic foot 
of air to properly burn one cubic foot of producer gas. 
Theoretically the ratio is about 1.3 to 1. To this must be 
added a slight excess of air. In actual practice the ratio 
usually runs 1.5 to 1. 


AREA OF F'LUES 


The flues underneath the checker chamber should be 
of sufficient size to allow for good draught under the 
entire horizontal area of the chamber, which will allow the 
hot gases to go down and the cold air to go up over the 
entire area of the bottom of the checkers. 


Space Usep For CHAMBERS 


The space used for checker chambers is generally 
determined by the amount of available space and also 
from what has been found to be good practice. There 
are advantages, for instance, in narrow deep chambers 
which prevent the short-circuiting so apt to occur in wide 
shallow chambers, especially with the checkers laid in 
the ordinary way. Practically, however, the depth is 
restricted on account of the liability of encountering 
water, cost of excavation, and of being more difficult to 
clean. 


Opentncs BETWEEN Bricks 


The sum of these areas must be much in excess of the 
areas of the ports on account of the increased resistance 
offered by the smaller areas, which retard the flow of 
gases, and because in the run of the furnace these open- 
ings become smaller as they gradually choke up with 
deposits, which form also a rough surface. 

On the other hand, the openings cannot be too large 
or the waste gases will pass through without giving up 
a maximum amount of their heat to the brickwork, 
because the center of the column of gases will be hot and 
the outside comparatively cool, with the result that the 


398 AMERICAN IRON AND STEEL INSTITUTE, OCTOBER MEETING 


stack gases will carry too much of the heat, leaving com- 
paratively cold checkers. The result is that the design 
of the openings between checkers is a compromise 
between large areas easily cleaned, offering minimum 
resistance to gases, and not allowing the brick to absorb 
a maximum amount of heat, and small areas which allow 
the brick to absorb a maximum quantity of heat but are 
easily choked up, offer greater resistance to gases, and 
are harder to clean. 


Insutatep CHEecker CHAMBERS 


In the past, very little attention has been paid to the 
heat insulation of the checker chambers and the infiltra- 
tion of air into the checker chambers, due to the stack 
draught. As has been shown by: carefully made heat 
balances of open-hearth furnaces, there is a large propor- 
_ tion of excess heat in the waste gases entering the checker 
chambers which cannot possibly be recovered in preheat- 
ing the air and gas to the furnace. In the case that the 
waste gases are allowed to pass directly to the stack, the 
heat insulation of the checker chambers and the flues and 
the loss in the valves and the infiltration of air is not 
important, as it makes fairly small difference to the 
working of the furnace whether the heat is lost by 
radiation from the checker chambers or in the stack. 
However, with the increasing use of waste heat boilers 
for recovering the surplus heat in the waste gases, the 
insulation of the checker chambers and the prevention of 
infiltration of air becomes extremely important, and it 
has been proven in practice that a much larger amount of 
steam is produced in the waste heat boilers if the checker 
chambers are properly heat-insulated and if care is taken 
to close up openings which allow air to be mixed with the 
. waste gases before entering the waste heat boilers. In 
modern installations, care is also taken to design revers- 
ing valves in such a way that the heat and draught losses 
in these are a minimum. With this type of valve there is 
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less infiltration of air through the boiler setting and a 
greater economy results. 

One of the modern methods of insulating checker 
chambers is to use boiler plate as a barrier on the outside 
surface, and between this and the brick is placed some 
heat-insulating material. One plant has had the walls 
and roof of the checker chambers of two furnaces insu- 
lated for over a year with no harmful results to the roof 
of the chambers. 


New. og Dirty Buocxs 


Laboratory experiments have been made on the same 
brand of bricks to compare the relative heat absorption 
and emission of new brick, dirty brick and coated and 
partly glazed brick. The results of these tests show 
there was practically no difference among the three kinds 
- tested. 


Sservicze Tests with Sinica Brick 


Service tests have been made with silica brick in 
open-hearth furnace regenerators which show that inso- 
far as the direct operation of the furnace is concerned 
there is no advantage thermally or commercially in using 
silica brick in place of fire brick. Even if silica brick 
gave as good results in every way as fire brick, they 
would be condemned because the salvage in cleaning is 
much less, being about 35% for silica as against 80% for 
fire brick in the air chamber. 


Lirzt oF CHECKERS 


The life of the checker brick is determined to a large 
degree by the deposits which collect on them, such as 
lime, dolomite, ore and other oxides. These deposits, 
besides choking up the openings, slag with the brick. . 
Different fuels have different effects on the life of the 
brick. Natural and coke oven gas are the least damaging, 
oil and producer gas next, tar next and powdered coal the 
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worst of all. With powdered coal, there is a considerable 
deposit of coal ash in the checkers; with tar, a coke-like 
substance. 


NUMBER OF HEATS BEFORE CLEANING CHECKERS 


Fuel No. of Heats 
Natural or coke oven gas.............000ec005 300 to 600 
Cokeloven gas ‘and. tars, >. ee 200 to 300 
Oil or producet ganas. tones, oe eee 200 to 300 
LAR ssc’ t-te'ore ce oak ponte ohare ee eee 175 to 250 
Powdoted coal, ;<.') 5... Sencadde pe fee ae 75 to 125 


Difference in Effect on Air and Gas Checkers—The 
gas checkers are not affected as much as the air checkers, 
as about five times as much of the waste products go 
through the air checkers and in addition the gas checkers 
are not exposed to the oxidizing conditions which obtain 
in the air checkers. 

Cleaning the Checkers—Suction has been tried for 
cleaning, but was never successful. The best way to 
clean is with compressed air. After the furnace is taken 
off the checkers are either soaked with water or allowed 
to cool gradually. Then as many rows of brick as are 
bad are removed and the rest scraped with an iron 
Scraper and blown with compressed air. After the first 
run on new checkers, very few if any are taken out. On 
the next run more brick are removed before good bricks 
are found. Some checkers in the lower rows have been 
in as long as 1600 heats. 

Necessity for Gas Checkers—Both the papers by 
Clements, British Iron and Steel Institute, May, 1922, 
and the one by Kinney and McDermott show by their 


figures that the gas regenerators in the furnaces they — 


ran their tests in do little work in preheating. This 
brings up again the possibility of doing away with the 
gas checkers and insulating the gas flue from the pro- 
ducers to the furnace. If this were possible, there might 
be opportunity for a better proportioning of the air 
chamber, having the additional room occupied by the gas 
chamber. In such a case, there would be an even greater 
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excess of waste heat available, which could be utilized to 
advantage in waste heat boilers. 


TEMPERATURES AT SEVERAL Locations 


The temperatures at different places in the regenera- 
tor system vary somewhat, depending on the capacity and 
efficiency. However, from the information I have, I 
believe the following are general limits :-— 


Waste gases leaving furnace up to 2900° F. 
Waste gases entering air checkers up to 2600°. 
Waste gases entering gas checkers up to 2400°. 

(This is lower than air on account of the water cooled port and 
the relatively small amount of waste gases diverted to the gas checker 
chamber as compared to air.) 

Waste gases leaving checkers up to 1400°. 

(In properly proportioned checker chambers this temperature 
is governed by infiltration of air and radiation losses from the checker 
chambers.) 

Temperature of regenerated air up to 2400°. 
Temperature of air entering regenerator 250° to 500°. 


Temperature drop in regenerated air between rever- 
sals depends on the time of reversals, but as a rule is 
between 250° and 500° F. 

The regenerators developed in the open-hearth 
furnace up to the present time are a compromise between 
theory and practice, with practice the determining factor. 
From a theoretical point of view it is desirable to use 
small openings and deep flues, but this is dependent upon 
the accessibility for cleaning. To do this there must be 
found a design of checker chambers which permits of 
better cleaning during the run of the furnace. This can 
be done by providing cleaning doors which will allow 
access to the checkers at different places, where com- 
pressed air can be used to advantage. Since the stove 
type checker opening provides a solid well, it is easier to 
blow the dirt off the top and down through the well. In 
this case a hole as small as 414” will be sufficient. As 
stated before, the one objection to the stove type is that 
the gases go through this well without giving up their heat 
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as thoroughly as in other styles of checkers, and this can 
be remedied by making the chamber deeper and nar- 
rower. With this type chamber we should have a brick 
composed of material which will more readily absorb and 
emit heat. Carborundum suggests itself as a possibility 
except for the few upper tiers, since it might slag there 
with the deposits which will accumulate on the checkers. 
Provided carborundum is not durable and too costly, the 
best quality of fire brick can be used. However, the first 
cost is not the deciding factor, but rather the cost per ton 
of steel which will be determined to a large degree by the 
frequency with which the bricks must be torn out. 

Larger slag pockets will aid in reducing the amount | 
of slag and dust carried over to the checker chambers. 

Insulation of checker chambers for best efficiency of 
checkers has proven advisable, and especially so in the 
case of waste heat boilers. It is also possible to gain 
thermal efficiency by the insulation of the passageway 
(fantail) from checker chambers to the slag pockets, and 
this might be extended to the slag pockets as well. 

To provide least resistance to the flow of waste gases 
to the stack or waste heat boilers, a straight line valve 
should be used with chambers and flues built radially to 
the stack and thereby reduce the draft and the tendency 
to greater infiltration. | 

In other words, what is desired is a narrow, deep, 
efficient checker with smaller openings between bricks 
which can be easily cleaned while the furnace is operat- 
ing, a direct passage for the gases to the stack or waste 
heat boiler, and a method provided to prevent accumula- 
tion of dirt in the checker chambers. ' 


Juper Gary: There will be a discussion of the last 
paper by Professor W. Trinks, Carnegie Institute of 
Technology, Pittsburgh, Pennsylvania. 
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Discussion by W. Trinks, 


Professor of Mechanical Engineering, Carnegie Institute of Technology, 
Pittsburgh, Pa. 


Acting upon the request of the Committee on Papers, 
I was very glad, indeed, to prepare a discussion on the 
paper, ‘‘Open-Hearth Furnace Regenerators,’’ by Mr. 
I. B. Quigley. Mr. Quigley’s paper is a very interesting 
one, and is, as far as I know, the first collection and pub- 
lication of all American designs of regenerators. The 


illustrations and the numerical values which have been © 
given, are of great help to all of those who have to deal. 


with open-hearth regenerators. 

The purpose of this discussion is to supplement the 
paper by constructive suggestions. 

Let us take up the various statements which are made 
in the paper. Fig 1 shows a design in which the checkers 
are placed directly below the furnace. Mr. Quigley states 
that this is a design which was used in the early days. 
I may add that the location of the checkers directly under 
the furnace was used not only in the early days, but that 
it is now used in connection with open-hearth furnaces 
for steel foundry purposes, and that, in such plants, it is 
very popular not only in the United States but in foreign 
countries also. Of course, in these installations, the fur- 
nace does not rest on the regenerators but is supported 
separately on beams. In that respect they differ from 
the furnace shown in Fig. 1. 

Under the heading of ‘‘Checker Bricks and Checker 
Design,’’ it is stated that in bricks one inch is about the 
effective depth for heat absorption and emission, which 
makes a two-inch brick the proper-thickness. This state- 
ment, while absolutely correct, should be qualified, be- 
cause it applies to open-hearth conditions only and should 
not be understood to hold for all regenerators, for the 
reason that correct brick thickness depends upon the in- 
terval between reversals. Thus, two inches is the proper 
brick thickness for fifteen minute reversals only. The 
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longer the period between reversals, the thicker the brick 
can be and should be. This question is fully discussed in 
my book on ‘‘Industrial Furnaces,’’ page 157 and follow- 
ing pages. 

Under the heading of ‘‘Danforth Checkers,’’ several 
interesting features are shown, principal among which is 
the stepping-up of the regenerator bricks at the top in the 
direction of the flue gas flow, and the stepping-down of 
the brick at the bottom in the direction of air flow. Mr. 
Quigley does not mention this feature specifically, but 
I think that it deserves to be emphasized. Gases, as well 
as solids or liquids, have inertia which causes ined incom- 


-ing gases to shoot across the top or the bottom of the 


regenerators to the opposite end. This statement refers 
to the customary design of regenerators in which the 
gases come in at the top, on the furnace side, and the air 
comes in from the bottom at the opposite end. This ar- 
rangement produces the effect that the hot gases travel 
down at the end farthest away from the furnace and that 
the air rises at the end nearest the furnace. The steps in 
the checker work counteract this tendency to a certain 
extent and make for a more uniform vertical flow of the 
gases through the regenerator. Of course, the flow 
equalizes itself in the course of time, even without the 
steps, because solid particles coming in with the flue gases 
are flung farthest and gradually clog up those vertical 
ducts which are farthest away from the furnace, thus 
making that end of the regenerator inactive. In other 
words, a regenerator which has a level top gradually be- 
comes better, because some of the flues clog up. 

Under the heading of ‘‘Quarrie or Solid Chimney 
Type of Checker,’’ Mr. Quigley makes the objection that 
in this type of checker the gases do not give up their heat 
as well as they should. This objection is, in my opinion, 
invalid, because in the ordinary type of checker the so- 
called horizontal heating surface is very ineffective. The 
gases do not pass around the corner into the horizontal 
flues, but travel almost vertically without touching the 
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so-called horizontal heating surface. This question is 
likewise taken up in my book on ‘‘Industrial Furnaces,”’ 
on pages 168 and 169. The objection that, if the top of 
the flue clogs up, the whole flue will become useless is 
valid, provided of course, that the top of the flue does clog 
up. However, experience shows that with the large open- 
ing offered by the properly designed solid chimney check- 
ers, the flues very seldom clog up. If the flue does clog, 
_ the objection can be overcome by designing each brick 
with two holes near the end, which holes will allow cir- 
culation through the flues. In practice, this is not done 
because it has not been found necessary as long as. the 
slag pockets are large enough and are properly designed. 
I know of solid chimney checkers used with hard working 
open-hearth furnaces which are still open after almost 
1,600 heats. 

Under the heading of ‘‘Proportionate Size of Cham- 
bers,’’ Mr. Quigley, in agreement with most writers who 
have dealt with the subject of regenerators, gives the 
cubical contents of the chambers and the heating surface 
per ton of steel which the furnace can hold. In the light 
of modern investigations, these figures are of doubtful 
value. What we really should have is the content of the 
checkers, or the heating surface, per cubic foot of air 
passing through the checker in unit time. The old method 
assumes that both production of steel and air flow are 
proportional to the holding capacity of the furnace. This 
assumption is incorrect, because the depth of the bath 
varies and because the rate of steel making varies with 
the design of the burners and ports. The method usually 
employed is, however, rooted so deeply that it may be 
impossible to eradicate it. Tt has, of course, the advan- 
tage that the holding capacity of the furnace is known 
at the time when the furnace is designed, whereas the 
output of steel per day is not known at that time and has 
to be established later on. 

Under the heading ‘‘New or Dirty Blocks,’’ Mr. 
Quigley states the results of laboratory tests which show 
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that there was practically no difference between the rela- 
tive absorption and emission of new brick, dirty brick, 
and coated and partly glazed brick, As far as I know, 
these laboratory results are at variance with the results 
actually found in practice. Glazed bricks do not absorb 
or give out heat as well as new and rough bricks do. This 
fact is due to the difference which radiation and reflection 
make. A glazed surface does not absorb heat, but re- 
flects it. This fact is emphasized by the endeavor of 
every open-hearth man to get the roof glazed as quickly 
as possible, for a glazed roof reflects the heat instead of 
absorbing it. In the ‘above mentioned case of a set of 


“checkers which have been in use for almost 1,600 heats, 


the filling had to be renewed, in spite of the apparently 
good condition of the bricks, for no other reason than 
that the rate of transfer had dropped to a very low point 
on account of the glazed surfaces. This-same feature ap- 
pears even more strongly in furnaces for melting glass, 
where the glazing appears rather quickly and produces a 
mirror-like surface. 

Under the heading ‘‘Insulated Checkers,’’ the follow- 
ing data might be added. Checkers, as ordinarily built, 
have an efficiency of 75% to 83%. The higher efficiency 
holds for the air checkers and the lower efficiency 
holds for the gas checkers, because the latter are hotter. 
The term ‘‘efficiency’’ means that the incoming fluid, gas 
or air, absorbs 75% to 83% of the heat given up by the 
products of combustion. However, these figures do not 
tell us up to what temperature the gases are preheated. 
The rest of the heat is lost by radiation and convection 
through the walls of the regenerator. As a rule the heat 
which is radiated from regenerator walls is 8% to 10% 
of the heat in the fuel. .Mr. Quigley mentions covering 
the checkers with boiler plates. In connection herewith, 
design features might have been mentioned in greater de- 
tail. Checkers, as they are now designed, occasionally 
suffer from explosions. It may be argued that the ques- 
tion of preventing explosions is one of design and opera- 
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tion of reversing valves and that the checkers should not 
be designed to compensate for anything which is wrong in 
the valve system. On the other hand, checkers with roofs 
which are badly cracked from explosions admit a great 
deal of cold air and lose their efficiency very rapidly. 
This trouble may be avoided by covering the regenerators 
with steel plates; they could then be designed with ex- 
plosion doors, which would prevent injury to any part of 
the checkers in event of an explosion. The use of iron- 
clad checkers may become a necessity on those furnaces 
into which ar is blown with some pressure, such as the 
furnaces built under the McKune ‘or the Egler systems, 
because in these checkers the air, which is under a slight 
pressure, escapes through cracks and holes in the brick 
work and thus makes a very hot charging floor, which 
condition is extremely disagreeable for the furnace work- 
men during the hot summer months. In one ease of a 
furnace using pressure in the regenerators, it was found 
that only one-third of the air delivered by the fan reached 
the furnace and that two-thirds of the air escaped 
through cracks and holes in the brick work. 

‘It would be very interesting to learn whether any mem- 
ber of the Institute has had experience with iron-clad, 
air-tight checkers. With ordinary leaky brick checkers, 
both the CO, content and the O, content grow from the top 
of the gas checker downward, which fact indicates that 
soot deposits are burned in the gas checkers as the prod- 
ucts of combustion pass out through that checker. The 
question is: What happens to this soot deposit if the 
checker is air tight? Does it gradually accumulate and 
clog up the checker, or does a sufficient amount of that 
soot burn upon reversal, due to the fact that there is a 
small amount of air which enters and passes through the 
gas checker at the time of reversal? Information on this 
point would be both valuable and very interesting. 

Mr. Quigley states nothing about the design of ob- 
servation holes and repair openings. At these places 
most leakage and heat losses oceur. It would be of in- 
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terest to engineers if up-to-date designs of observation 
holes and repair openings were available. 

In addition to the subjects covered in the paper, the 
following statements may be of interest. The checkers 
are very often ruined by flame reaching down into the 
regenerators. ' It has been found, in checking the up-and- 
down temperature distribution within the brick work, 
that this distribution depends entirely upon the com- 
pleteness of combustion in the furnace. If the combus- 
tion is complete within the furnace, the temperature, as a 
function of the height of the measuring place in the re- 
generator, is a straight line. This means that at half the 


-height, one half of the temperature difference between 


the top and bottom of the brick work prevails. If, on the 
other hand, combustion is not complete in the furnace, 
but reaches down into the checkers, then the high tem- 
perature is more sustained near the top of the checkers, 
so that at half the height, the temperature is much 
greater than one half of the temperature difference be- 
tween top and bottom. Under this condition the high 
temperature of the slag pockets frequently reaches down 
below the top layers of the checkers, and the bricks are 
much more easily ruined than they would be if combus- 
tion were completed in the furnace. In such a case it is 
usually necessary to use clay-bond silica brick instead of 
fire brick for the top layers in the checker work. 

Mr. HE. A. 8S. Cuarke: Gentlemen, you will remember 
that in the circular sent out in regard to the arrangement 
made with the railroads for reduced rates of transporta- 
tion, fare and a half for the round trip to New York, in- 
volves the purchase of certificates, and those certificates 
have to be turned in to the office for validation. I think it 
was stated that a minimum of 250 certificates was neces- 
sary in order to make the plan operative. I have been 
advised by the office that only 220 certificates have been 
turned in, and it is with the thought that possibly some 
members have not already turned in their certificates; 
they should be advised and urged to do so, otherwise the 
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220 gentlemen who desire to participate in the reduced 
fares will be unable to do so: so that if any of you have 
certificates, please turn them in to the office promptly. 


Jupee Gary: For those who may suffer by reason of 
the fault of others I am suggesting that we would make 
the certificates good if we could. 

Further discussion of the last paper is by Mr. Stewart 
J. Cort, Superintendent, Saucon Plant, Bethlehem Steel 
Corporation, Bethlehem, Pennsylvania. 


Discussion by Stewart J. Cort, 
Superintendent, Saucon Plant, Bethlehem Steel Company, ‘Bethlehem, Pa. 


The problem of the proper design and installation of 
open-hearth furnace regenerators is one that should in- 
terest every one connected with the manufacture of open- 
hearth steel, when you stop to consider that the heating 
cost is 25% to 30% of the total conversion cost of pro- 
ducing a ton of open-hearth ingots. 

Looking at it from another angle, namely, that of the 
conservation of our country’s natural resources, it will 
be noted that in producing a ton of open-hearth steel the 
average of the industry will be approximately 650 pounds 
of coal, or its equivalent, per ton of ingots produced. 
But, with the proper port and regenerator design, this 
figure should not be over 500 pounds per ton. Therefore, 
with a production of 45,000,000 tons annually of open- 
hearth ingots, this means that the steel industry is wast- 
ing 3,000,000 tons of coal, or its equivalent, every year, 
and bearing these facts in mind one can see the necessity 
of giving this question the proper consideration. 


Drsian 
There is ample data available for the engineer to 
determine the proper proportions to suit desired furnace 
capacity. The best type of regenerator, although having 
a little higher initial cost, is the individual chamber for 
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the air and gas. This allows more rigid binding and 
materially lowers the maintenance cost, due to giving two 
to three times the roof life on the regenerator. 

The common construction of building the air and gas 
chamber with a common center wall is an expensive one, 
as the center wall, carrying the skewbacks for two un- 
equal arches and not having a chance to dissipate the 
heat by radiation, wears away rapidly and allows the 
regenerator roofs to fail. 

The question of constructing the regenerators so that 
they are tight, is a very important one. It is not uncom- 
mon for a furnace to have an infiltration of air equal in 


-volume to the products of combustion in the furnace, 


which greatly interferes with the furnace draft and 
operation. 

The use of sil-o-cel, or a similar non-conducting ma- | 
terial for insulating the chambers, is coming into use, 
which will conserve heat, but subject the walls and roof 
to more rapid deterioration when the chambers are over- 
heated. 

The ‘‘modern as eae of checker chamber and 
flues,’’ as shown on Fig. 8, may give the easiest flow line 
and shortest route for the gases to the stack, but will 
complicate and materially increase the cost of construct- 
ing the charging floor, due to the interference with foun- 
dation piers for columns. 

The flues converging toward the stack flue will inter- 
fere with locating the reversing valves to the best ad- 
vantage, the valves for a large furnace occupying con- 
siderable space. With the ordinary construction, having 
flues of proper area and eliminating sharp bends, the loss 
of draft is practically negligible. 

Tt may not be very far in the future when furnaces 
may be built with only a single regenerator on either 
end for the air. Furnaces burning oil, tar, natural gas 
or coke-oven gas require only regeneration of the air. 
We have always thought it necessary to regenerate pro- 
ducer gas; but, is this the case? 
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The sensible heat in producer gas, due to heating in 


the regenerator, equals 14% of the calorific heat in the - 


gas. The loss due to decomposition of the hydrocarbons 
in producer gas, due to passing through the regenerator, 
shows a loss of 9%, this having been determined by a 
large number of tests. 

With our large furnaces a great deal of water-cooling 
has been necessary to maintain the port ends, which 
causes a loss of not less than 10%, or a total loss of 
19%. This 19%, less the 14% gained by regeneration, 
shows us a net loss of 5%, rather than any gain by the 
regeneration. With the proper port construction, it may 
be possible to introduce the gas directly from the pro- 
ducers into the furnace. 


CHECKER Brick 


The 10%” x 414” x 414” block is not economical from 
a thermal standpoint and many a furnace has lost pro- 
duction and increased its coal consumption through its 
use. 

A great many checker designs or methods of putting 
checkers in the chambers have been devised and great 
claims have been made for their effectiveness, but the 
design that may be successful in one furnace may fail 
utterly in another, due to so many variables entering 
into the problem. 

The thing to do is to work out for the individual fur- 
nace a design that comes as near as possible to giving 
the correct weight of effective brickwork with maximum 
heating surface and that does not interfere with the 
draft of the furnace. This can generally be worked out 
with either the standard 9” x 414” x 214” or the 13” x 
6” x 214” brick. 

The abuse of the checkers in the open-hearth furnace 
is one of the most common mistakes in furnace operation. 
A checker that gives the maximum thermal efficiency and 
rapid working furnace will commence to clog up at 
around 200 to 250 heats. With the proper rider wall con- 
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_ struction and manholes in the flues, the checkers can be 
cleaned in from 48 to 60 hours, and the production lost 
while cleaning will be made up in less than two weeks by 
the speeding up of the furnace. 

However, in place of the above being the case, what 
generally happens is an increase in the gas pressure in 
order to force it through the clogged checkers, with the 
result that the gas leaves the gas port at a velocity three 
- to four times that of the air entering through the air 
port, and the combustion consequently is not complete 
until the outgoing chamber is reached instead of occur- 
ving in the hearth of the furnace. So that, when the fur- 
nace goes down for repairs, it will be found that the 
checkers are so badly burned that over 50% of the brick 
_ will have to be replaced with new brick. The apparent 
refractories saving made in forcing the checkers for the 
50 to 100 additional heats has been far offset by the in- 
creased coal consumed per ton, poorer quality of steel 
produced, and an eventually higher rebuilding cost. 


Jupce Gary: The next paper, ‘‘Utilization of Blast 
Furnace Slag for Construction Purposes,’’ by C. L. Me- 
Kenzie, President, Duquesne Slag Products Company, 
Pittsburgh, Pennsylvania, will be presented. 


UTILIZATION OF BLAST FURNACE SLAG FOR 
CONSTRUCTION PURPOSES 


C. L. McKenziz 
President, Duquesne Slag Products Company, Pittsburgh, Pa. 


This paper is not a technical discussion or a scientific 
treatise. The intent is merely in a suggestive way to 
bring ‘out a few facts as to a minor factor in blast furnace 
operations and then to emphasize the importance of giv- _ 
ing a proportionate degree of attention to this factor and 
its possibilities.’ 

The total quantity of pig iron now produced annually 
in the United States is nearly: 40,000,000 tons. There- 
fore, it is closely approximate to estimate the total 
amount of blast furnace slag produced in a year at 
20,000,000 tons. This 20,000,000 tons must be taken away 
or the furnaces must stop making pig iron. 

Consider a few figures in order to visualize what this 
quantity means. If put into the form of granulated slag 
and piled on the space occupied by the Woolworth Build- 
ing (nearly an acre), it would reach up 3% miles, or 
about 22 times as high as the Woolworth Tower above 
the street. 

A more practical illustration is to say that spread out 
level to a depth of 24 feet, it would cover 640 acres, or one 
square mile. Since, with rare exceptions at present, no 
low lying waste ground is available close to the furnaces, 
it follows that to dispose of the material in fills, or 
dumps, it would either have to be transported consider- 
able distances, or piled up on ground already at usable 
levels. Land near the furnaces has.a value on the aver- 
age, say, of $5,000 an acre. That is, the wasted slag 
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would cover up more than $3,000,000 worth of land each 
year. Or, since it would be a practical impossibility to 
use land close to the furnaces, the 20 000,000 tons would 
have to be loaded, transported, and unloaded at a con- 
siderable distance from the furnaces. Probably the 
greater part of it is now hauled distances exceeding 3 
miles and great quantities travel 10 miles, 50 miles, and 
more. 

It is probably conservative to estimate $1.00 a ton as __ 
the average present cost of such a movement or that it 
certainly will reach this figure within a very few years. 
It involves also great investment in railroads and other 


means of transportation and handling. If no other 


means of disposition were found than to haul it away 
from the furnaces into wasting dumps, we therefore ar- 
rive, off-hand, at a cost item of $20,000,000 yearly, sug- 
gesting the questions for solution; first,as to how some 
of this loss can be avoided, and, second, how it can be 
prevented from rapidly increasing in future. 

Conservation of wastes is a popular subject of dis- 
cussion, and, presumably, even though it meant no saving 
in money, the enlightened manufacturers of the present 
day would favor turning this vast quantity of blast fur- 
nace slag: into a product useful to the community at large. 
With the added incentive of a considerable saving, it 
should become warmly interesting. 

Now, as is fairly well known, slag has many valuable 
qualities and is quite readily adaptable to a variety of 
construction uses. Progress in applying it to useful 
purposes in construction has reached a point where more 
active help from the blast furnace operators would show 
rapid results in the direction of increasing the quantity 
removed by this desirable method of disposition. 

First of all, obviously, the blast furnace operators 
must know what the uses are to which the slag is now put, 
how successfully it serves, how much is now being used, 
what needs to be done to increase its use and to overcome 
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resistance to its use, and what the total consumption 
probably might become. 

Then, to determine on the policy to be pursued, the 
operator must reach conclusions as to whether these com- — 
mercial, constructional developments promise enough to 
justify backing them up by treating the slag more as a 
by-product and less as a waste incident to the manufac- 
ture of pig iron. 

; Slag is the second greatest product of a blast furnace. 

Without questioning that the purpose of blast furnace 
operation is to turn out good pig iron—and plenty of it— 
it is suggested seriously that it will pay to think also of 
the value of this second product. It appears to be true 
that without at all losing sight of the main purpose, much 
can be done to help toward a continued and more rapid 
increase in the quantity used commercially as a struc- 
tural material of value, rather than continue to treat it 
as a waste to be handled at continually growing cost. 

It would seem natural that the manufacturers respon- 
sible for the production of this unavoidable by-product 
should support and encourage, as far as possible, every 
sound agency for its disposition, particularly if the devel- 
opment is in the direction of present or prospective 
economy. 

Now let us see (in condensed statement) how much 
has been accomplished to date. Prior to the beginning 
of the present century, only insignificant quantities of 
blast furnace slag were used in construction. In Hastern 
Pennsylvania, and occasionally elsewhere, as far back 
as 1880, small quantities were used in unimportant con- 
crete construction, and, of course, it was used in erude 
form near the furnaces to make paths and driveways, 
Just as any handy waste material would be used. Some 
of these roads, or driveways, remained long years after- 
ward to prove the durability of slag as a road-making 
material. One eastern cement company has used more © 
than 125,000 cubie yards, beginning when building its 
plant in 1895, in concrete construction, which still stands 
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without any failure, including the foundations under 
heavy, vibrating machinery and the walls, floors, ete. 
About this same time (1895 to 1905) many of the steel 
_ companies began to use it in large quantities in concrete, 
at Birmingham and Ensley, Alabama; at Pittsburgh, 
Johnstown, Pottsville, Reading and Lebanon, Pennsyl- 
vania; at Youngstown, Cleveland and Lorain, Ohio; at 
Mayville, Wisconsin; at Chicago and later at Gary and 
several other plants. At one or another of these plants, 
it was used in concrete of about every type of construc- 
tion for which concrete can be used; heavy and light mass 
foundations, including those under blast furnaces; walls 
and floor slabs, sewer pipes, coke ovens; stacks, including 
one 290 feet high; water tanks and dams, exposed to dry 
hot atmosphere and to alternate drying and wetting, or 
to alternate boiling and cold water, and to all weather 
conditions with alternate freezing and thawing. How- 
ever, the chemists and engineers (including even some 
at the steel works) demand laboratory tests extending 
over many years. They are not all convinced that there 
is nothing in the slag that can be classed as a deleterious 
material, which may cause deterioration of the concrete. 
Then the outside market began to be cultivated for high- 
way construction and other purposes and the increase 
in the use of air-cooled blast furnace slag has been very 
considerable, this development practically having taken 
place within about twenty years. 

The excavating, crushing and screening plants that 
prepare the air-cooled blast furnace slag for market are 
now quite usually known as ‘‘commercial’’ slag plants. 
_One very important item to remember is that the com- 
mercial slag plant equipment includes magnetic sepa- 
rators. With these, and by hand, there is a recovery of 
the scrap iron, or ‘‘cinder scrap,’’ amounting in some 
cases to as much as two per cent and on the average to 
at least one-half of one per cent of the weight of the 
slag. At present prices this would mean a saving to 
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the furnace companies of more than half a million dollars 
annually. 

At present the yearly output (all used) of these ‘‘com- 
mercial’’ slag plants in the United States is about seven 
million tons. Of this, the sub-division (varying from 
year to year) will average about as follows: 


Road and street building (other than concrete)...... 45% 
Ratlroad’ ballast.S5c)s es tec oe ee a ee eee ee eee 25% 
Aggregate.in coneretés nc... sss iets «epee eee 25% 
Roofing ee sae oc faree otele noe nel eee Ae 1% 
Miscellaneous, cement concrete blocks, bricks, etc.... 4% 


To show that there is opportunity for great further 
expansion, consider cement concrete for example. In the 
district within shipping distance of the slag crushing and 
screening plants, the total amount of cement concrete 
placed each year will average at least 40,000,000 cubic 
yards. Air-cooled blast furnace slag is used as the ag- 
gregate in about 1,750,000 cubic yards of this. 

In the twenty years of development about 20,000,000 
cubic yards of concrete have been built, using air-cooled 
blast furnace slag as the aggregate, with a remarkable 
absence of reports of failure—in fact, practically a total 
absence of such reports. 

Without going into statistics, a few instances can be 
cited to prove the success of this slag in concrete. 

The National Slag Association has assembled partial 
records of various kinds of construction in which slag 
has been used. In reinforced concrete buildings, a par- 
tial list shows 506 structures in the conerete of which 
approximately 900,000 tons of air-cooled blast furnace 
slag was used. These structures include banks, churches, 
dairies, factories and warehouses, farm buildings, fire 
engine houses, garages, homes and apartments, hospitals, 
hotels, packing houses, city halls, art museums, railroad 
terminals and terminal stations, schools and school build- 
ings and office buildings, from those requiring less than 
100 cubic yards to those requiring 50,000 cubic yards of 
concrete, including reinforced concrete buildings any- 
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where from one story to twenty stories high, located in 
towns and cities over a very wide area, including Phila- 
delphia, Cleveland, Birmingham, ces and all the 
intervening and surrounding easton. None of them 
are falling down. 

In Cleveland 2,000,000 cubie yards of slag concrete 
stand as evidence in form of office buildings, warehouses, 
bridges and similar important structures. One of these 
buildings is the plant of a company making automobile 
bodies. The 6-story building is of reinforced slag con- 
crete in which 50,000 tons of slag were used. One 4-story 
reinforced concrete office building in Cleveland was torn | 
‘down after 15 years’ service and, although closely in- 
spected, showed no deterioration of concrete, or corrosion 
of inclosed reinforcing steel. 

In Philadelphia (not to mention hundreds of miles of 
slag concrete in pavement foundation) there are dozens 
of office buildings, warehouses, etc., made of slag con- 
crete, one of them a manufacturing plant, a city block in 
area, 6 stories high, requiring 30,000 cubic yards of con- 
crete to build. Here, also, a few years ago a 16-year-old 
reinforced slag concrete office building was torn down 
and, though carefully inspected, showed no deterioration 
of concrete or reinforcing steel. 

The Slag Association also has a partial list of ie slag 
concrete bridges in the United States numbering 56, 
requiring 150,000 cubic yards of concrete to complete. 
These structures are of all sizes, from short spans over 
streets and creeks to structures one-half mile long re- 
quiring 30,000 cubic yards of concrete. For example, 
North Hill Viaduct, Akron, Ohio, 2,280 feet long (19 
arches), 130 feet above the river, carrying street car, 
wagon and pedestrian traffic, requiring 30,000 tons of 
slag for the concrete. The Bingaman Street Bridge in 
Reading, Pa., having a total length of 1,600 feet with a 
width of 60 feet, spans the Schuylkill River and railroad 
tracks and required 21,000 tons of air-cooled blast fur- 
nace slag in the concrete. 
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As an illustration of heavy service, the Curry Hollow 
Arch on the Monongahela Southern Railroad contains 
23,000 cubic yards of concrete in the 50-foot arch spans, 
on which there is a double-track railroad fill more than 
100 feet deep. Other structures on this industrial rail- 
road line, in which slag was used as the aggregate in the 
concrete, amounted to 100,000 cubic yards, including one 
retaining wall about 50 feet high. Slag concrete was used 
also in lining the 1,800-foot double-track tunnel. 

Another use for which large quantities have been 
required is in railroad ballast. In 1920 the Slag Associ- 
ation compiled a list of 40 railroads, all of which were 
using more or less air-cooled blast furnace slag for bal- 
last and at that time were consuming at an average of 
about a million and three-quarters tons per annum. The 
largest users were the railroads in the South, but some 
of the Northern roads are now using more, so that at the 
present time the tonnage used by the roads in Western 
Pennsylvania, Ohio, Illinois, New York and West Vir- 
_ginia may exceed the amount used in the South. 

The bibliography of slag has grown extensively in the 
last few years with reports and discussions of numerous 
tests, practically all of them showing very favorable re- 
sults for slag as compared with other commonly used 
materials. In addition to tests and reports by 30 or 40 
private laboratories and University laboratories, State 
and City laboratories, literally thousands of tests have 
been made by the United States Bureau of Standards, 
the United States Bureau of Roads and the Lewis Insti- 
tute. 


Many of the results and several important discussions 
have already been published, but much important data 
will be forthcoming for the next year and more. 

As one or two more illustrations of the possibilities, 
it may be mentioned that (in addition to similar use in 
numbers of smaller installations) 75,000 tons of air- 
cooled blast furnace slag were used in the Akron Sewage 
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Disposal Plant to constitute the purifying beds, and 
66,000 tons in a similar plant at Canton, Ohio. 

The results of exhaustive tests of the slag used on 
one of these jobs were summarized by the Consulting En- 
gineer in the words: ‘‘I am forced to conclude that the 
slag is a resistant material to both the disintegration by 
frost or acid sewage and in my opinion it is safe to use 
for construction of sewage beds.”’ 

In other classes of road building, as shown by the 
statement given hereinbefore, 3,000,000 and more tons is 
the ordinary present consumption. To illustrate how 
the consumption can grow, one comparatively new and 
‘little known type of bituminous slag paving (made of slag 
sand) has been used to cover the equivalent of 200 miles 
of improved 18-foot highway in one county, and some- 
thing over the equivalent of 400 miles of 18-foot highway 
of this one class alone has been laid in the United States 
in the 6 or 7 years since it was introduced. 

Air-cooled blast furnace slag has been successfully 
used in every common type of road construction, includ- 
ing water-bound macadam, bituminous macadam, pre- 
mixed bituminous concrete, the penetration type of roads 
and in various special types. The least experience has 
been had with single course, or top wearing course of con- 
crete highways, in which slag is used as the aggregate. 
There are, however, in existence some 200 to 300 miles of 
these highways, some of which are 8 and 10 years old. 
The service results have been satisfactory. However, 
the State Highway Departments, in general, do not favor 
slag concrete for wearing surface—not yet. 

In the granulated form, blast furnace slag finds less 
valuable, but still valuable, uses in several ways, most of 
which have not developed far but promise much. 

One use that has been definitely worked out is in the 
manufacture of Portland cement, which requires in the 
established factories using it about 1,000,000 tons of 
granulated slag yearly. Its success here is no longer 
questioned. With the recent great increase in number 
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ot Portland cement manufacturing plants and corre- 
sponding producing capacity, it may be a long time before 
a great increase in consumption of slag for this purpose 
can be expected. 

Probably another million tons is used to make drive- 
ways and back country roads, where traffic is not heavy 
and where lowest cost is essential, and for similar less 
important service. 

There is promise in preliminary results that success- 
ful building blocks and bricks can be made of granulated 
slag with an admixture of a small percentage of other 
materials. One can imagine that in a few years this line 
might use a million tons of granulated slag, and within 
10 or 15 years, perhaps two million tons, or more. 

It would thus appear that now (or within the very 
near future) the commercial uses for blast furnace slag 
may consume one-half the total production. What the 
total can become within the next 10 years it would be ven- 
turesome to predict, but it is certain that the total may 
be greatly and rapidly increased if its promotion and 
development can be given sufficient, forceful, carefully 
planned attention, especially with strong support from 
the furnace operators, including active cooperation in 
maintaining a satisfactory and uniform character of slag. 
To dispose of large quantities of slag requires hard, per- 
sistent and intelligent promotion and sales effort, includ- 
ing work requiring years to accomplish in demonstrating 
to the engineers of National, State, City and local author- 
ities, also local sales promotion that often precedes sales 
by a year, or two, arrangements first to have it used, and 
second to assure careful workmanship in carrying on 
construction in which slag is used, even including organ- 
izing, equipping and operating contracting companies, 
trucking companies, ete. 

The committees of the important technical societies, 
the technical Bureaus and Engineers of the United States 
Departments, the State Highway Departments and other 
State Departments, as well as the authorities in the nu- 
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merous cities, counties, towns, have most of them given 
some recognition to blast furnace slag, but in limited 
degree and in restrictive ways. Therefore, it can only 
be said that the job of securing necessary recognition in 
these numerous and various specifications is well started. 
There is still much to be done to satisfy these engineers 
of the value and reliability of slag for construction pur- 
poses and in particular to overcome the fears and sus- 
picions of the engineers that there might be something 
wrong with slag to cause bad results in service. Many 
engineers (like other men) would rather be conservative 
and will stick to the old, well-known materials in prefer- 
ence to something new to them. Much demonstration and 
persistent effort have been and still are required to over- 
come this inertia. 

The National Slag Association and the producers of 
commercial slag are dealing regularly with five to ten 
Departments or Bureaus of the United States Govern- 
ment, with several departments or bureaus in each of 30 
States, plus the departments, bureaus or officials of many 
hundreds of counties and thousands of cities, towns and 
townships (as well as consulting and designing engineers 
in private practice). They also have to deal with a hun- 
dred committees of a score of technical societies. When 
all these departments, bureaus, officials, committees, 
societies and individuals have accepted slag on an equal- 
ity with competing materials and included slag on the 
same basis in all the hundreds of specifications, the max- 
imum possible consumption of slag will begin to be 
known. 

The slag industry (if it may yet be recognized as an 
established industry) has its head up just about high 
enough to begin to get the hard knocks. From a market- 
ing point of view, it has some weak spots in its defensive 
armor, and recently has developed a few new troubles 
and worries. 

In the old days with comparatively small quantities 
used in general construction, there was not much atten- 
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tion paid by the engineers and architects in the way of 
requiring that slag should conform to restrictive speci- 
fications, careful test and inspection. The statements 
made hereinbefore indicate that the material naturally 
was good enough and that the operators were careful 
enough to avoid the occasional bad results that might 
have been expected in the use of material not carefully 
tested and inspected. The modern commercial slag 
plants are operating with a supply of slag from which all 
other waste materials around the furnaces are excluded. 
One direction in which the furnace operators can help 
to make continually sure of avoiding complaints and ob- 
jections to the use of slag is by rigidly insisting that 
ashes, coke dust, flue dust, sand, clay, stone screenings, 
coal dust and any other refuse that accumulates around 
the furnaces shall be disposed of somewhere else than in 
the slag pit. Undoubtedly most of the waste materials 
mentioned are mineral and could cause little actual dam- 
age if mixed in with the slag, but they can cause immense 
damage and inteference with the slag business from the 
point of view that the inspector will not believe that it is 
possible to have good results with the slag if these for- 
eign materials are not excluded. Kspecially would the 
engineer fear that the foreign materials might have bad 
results in concrete. 

The engineers also object to the lack of uniformity in 
the weight of the slag, which is due chiefly to the varying 
proportion of the ‘‘honeyeomb’’ slag to the dense slag 
free of gas pockets. Attention to the lesser operating 
details, such as the routine method of pouring the slag, 
-and no doubt other small matters that can be discovered 
by observation,—and that do not add real cost,—will 
help to obviate this difficulty, and substantially reduce 
market resistance to the sale and use of slag. 

The newest danger, in some localities, threatening the 
successfully increasing use of slag in the air-cooled form, 
lies in the possibility of changes in furnace practice, par- 
ticularly in the direction of using a calcite flux execlu- 
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sively in preference to a dolomitic limestone, or to mixing 
a small percentage of dolomite with the reer percentage 
of straight calcite. The furnaces in which the straight 
calcite stone is used produce a slag that tends to disin- 
tegrate on exposure to the air and cooling to the extent’ 
of one-third, even one-half or more, of its total volume. 
Practically it is impossible to use such a slag in a com- 
mercial way and it is only fit to be wasted. In granulated 
form, of course, a slag of this analysis is useful and per- 
haps for some purposes better than granulated slag from 
a furnace in which the flux used is dolomitic, but the com- 
mercial (or money) value of granulated slag is as yet 
" insignificant even for the purposes for which it is actually 
used. The iron scrap salvage is also difficult or largely 
impossible when the slag is granulated. Perhaps with 
future development great quantities may be consumed for 
manufacturing purposes, including those to which allu- 
sion has been made and others not yet developed. How- 
ever, at the present time the greatest value is recovered 
from the slag in the hard, air-cooled form and the imme- 
diate possibilities of greatly increased use lie in this di- 
rection. 

Therefore attention of the operator is called to this, 
and the question submitted: Can he afford to neglect 
these possibilities of the use of a very substantial per- 
centage of the total slag to be disposed of by insisting on 
producing ‘‘limey’’ slag through the use of straight cal- 
cite flux? Practically, of course, it comes down to the 
question of whether the use of a certain percentage of 
dolomite or a dolomitic limestone really adds to the cost 
of operating the furnaces and to the corresponding cost 
of the pig iron. There seems to be a difference of opinion 
among blast furnace superintendents on this point, but 
some of them have changed the flux from calcite to dolo- 
mitic limestone for the especial purpose of guaranteeing 
usable slag for construction purposes. Some of them 
claim improved furnace operating results and lower cost 
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resulting from mixing a percentage of dolomite with the 
calcite flux. 

This paper, you will note, covers mainly the first 
twenty years of developing use of blast furnace slag. No 
one knows the future, but if no new process of refining 
is discovered, and applied, there may, by the end of an- 
other twenty years be 30,000,000 tons, or more, of slag 
to dispose of yearly. 

Whether the commercial disposition for economically 
valuable purposes shall be less than 10,000,000 tons, or 
over 20,000,000 tons, depends quite largely on the policy 
and practice adopted by the furnace operators. 


At the close of Mr. McKenzie’s paper, Judge Gary 
called upon Mr. Willis L. King, Vice-President of the 
Institute, to take the chair. 

Vicz-Presipent Kine: Mr. Clarke, the Secretary, has 
an announcement to make. 

Mr. E. A. S. Cuarxe: The memorial service for the 
late Dr. Henry M. Howe, who was an honorary member 
of the Institute, will be held at the Episcopal Cathedral 
of St. John the Divine, 110th Street and Amsterdam 
Avenue, at5 P.M. The session here will be over in ample 
time for any of those who desire to attend. 

The dinner is at 7:30. 

The special train for Aberdeen—I think the ears will 
be open at 10 o’clock; the train will leave some time 
between 1 and 1:30 A. M., and it is expected to be back 
in New York about 11:30 tomorrow night. The same 
cars in which we go down will be used coming back. The 
train will remain at the Proving Ground until the time 
set for the return trip. 

Vicr-Presipent Kine: Judge Gary has asked me to 
relieve him, and notwithstanding his plea for a full at- 
tendance at all the meetings, I think we will agree that he 
has done his whole duty today. 

I was very much interested in the last paper, ‘‘Utiliza- 
tion of Blast Furnace Slag for Construction Purposes. ’’ 
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It rather surprised me as to the extent and value of that 
product. I am sure you must have enjoyed the informa- 
tion about it. 

This paper will now be discussed by Mr. W. E. Don- 
aldson, Carnegie Steel Company, Pittsburgh, Pa. 


Discussion by W. E. Donaupson, 
Carnegie Steel Company, Pittsburgh, Pa. 


I wish to call attention to one particular point men- 
tioned in Mr. McKenzie’s paper. Is it necessary from 
the blast furnace man’s point of view to continue to re- 
gard blast furnace slag as a waste material? Should it 
«not be regarded as a valuable by-product? It has re- 
quired years of effort to establish tentative standard 
specifications for blast furnace slag to be used commer- 
cially for construction purposes. Can the iron producers 
be prevailed upon to continue methods, or improve 
methods whereby slag’s commercial possibility may be 
maintained and increased? 

When we consider the statement in Mr. McKenzie’s 
paper that within the shipping distance of slag producing 
points at least forty million cubic yards of concrete are 
placed each year, and of this quantity only one and three- 
fourths millions cubic yards were blast furnace slag con- 
erete—and the fact that blast furnace slag is equal to and 
probably superior to any other coarse aggregate, you can 
readily appreciate the trermendous possibility for increas- 
ing the sale and use of slag, but to develop these possi- 
bilities to the highest extent we must have the support 
and co-operation of all those concerned with the produc- 
tion of both iron and slag. 

There is an extract from an article in a British high- 
way magazine which the competitors of slag are using 
against slag and which I would like to quote as an illus- 
tration of the point I desire to bring to your attention: 


“The firms who produce slag obtain it as a by-product; they make it merely 
as a means for removing certain impurities from the iron which is their chief 
product. Consequently, their attention is concentrated on a slag which has 
the necessary chemical and physical properties to suit their requirements as 
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ironmasters, and if it suits them (as, in fact, it does) to increase the fluidity 
of the slag by using a high proportion of lime, it will pay them to do so, even 
though the slag is thereby made quite unsuitxble. 


While the complete article shows that the writer was 
biased in his statements with regard to using blast 
furnace slag as a road material, nevertheless it indicates 
that the variable quality of blast furnace slag creates a 
suspicion as to its dependability. I bespeak, therefore, 
your interest in this feature of this product of the blast 
furnace. 

Vicr-Presment Kine: Gentlemen, this completes the 
afternoon session. We stand adjourned until this eve- 
ning. I hope you will all be present at the dinner and 
enjoy it. 


Memoria Service to Dr. Henry M. Hower 


The memorial service in memory of Dr. Henry Marion 
Howe, an honorary member of the Institute, which was 
held at the Cathedral of St. John the Divine, at five 
o’clock in the afternoon of Thursday, October 25th, 1923, 
was very impressive. The date for the service had been 
arranged by Bishop Manning after correspondence with 
Judge Gary so that those members of the Institute who 
desired might have the opportunity to attend. There 
were a number of members present. 

The musical features of the service rendered by the 
full Cathedral choir were very beautiful. The principal 
address was by Dr. Michael Pupin, Professor of Electro- 
Mechanics, Columbia University, who spoke in a very 
impressive way of Dr, Howe, who was his colleague at 
Columbia. Dr. Pupin laid special stress on the spiritual 
side of Dr. Howe’s character, testifying at the same time 
to his great ability and learning and to his wonderful 
faculty of seeing the real meaning to the metallurgy of 
steel of the various research and experimental results 
which came to his attention. 

The whole service with Very Reverend Howard C. 
Robbins, Dean of the Cathedral, as officiating minister, 
was a striking tribute to the memory of a great man. 
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DINNER OF THE AMERICAN IRON AND STEEL INSTITUTE IN THE GRAND BALLROOM OF THE 


COMMODORE, NEW YORK, OCTOBER 25, 1923 


EVENING SESSION 


The evening session of the Institute was held in the 
Grand Ballroom of the Commodore. After dinner, Presi- 
dent Gary called the meeting to order. 

JupcEe Gary: Gentlemen, because the room is so large 
and the audience so great I will ask you to observe your 
usual custom of remaining very quiet while the honor 
guests are speaking. Remember, you are distinguished 
for being very quiet on occasions like this. 

The fame of Lord Birkenhead is known throughout 
the world; to most of you. But as an introduction I am 
going to Sy what my pees has gathered from the books. 
(Reading) : 


‘‘The Right Honorable the Earl of Birken- 
head: born in Birkenhead, County of Chester, 
England, July 12, 1872. Formerly known as 
Frederick Edwin Smith.”’ 

You see, he is a member of one of our largest families. 
(Laughter.) 

“¢Son of a well-known barrister. Won a se- 
ries of scholarships in school days, which paid 
for his studies at Liverpool and Oxford. Elected 
president of Oxford Union, famous debating so- 
ciety. After receiving degree of Classical 
Scholar, became Oxford don or professor, earn- 
ing splendid reputation as lecturer. 

‘¢Became a member of the Bar at twenty-five 
years of age and secured a series of remarkable 
legal triumphs. 

‘‘Mntered the political field and was elected 
to represent East Liverpool in the House of 
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Commons. Attained immediate recognition 
upon making his first speech in Parliament. 

‘‘In 1914 volunteered in the Oxfordshire 
Yeomanry and served as soldier in the trenches. 
Won repeated commendations and earned pro- 
motion to the rank of major. 

‘*In 1915 was recalled to London, knighted 
by the King and appointed Attorney General, a 
post he filled brilliantly. In 1919 was made 
Lord High Chancellor of England, and Viscount. 
By virtue of his office he took precedence over 
every other British subject, except a prince of 
the blood, being the highest lay dignitary of the 
realn, 

‘*When he retired from office after the disso- 
lution of the Lloyd George Administration in 
1922, he received his present title of Earl. 

‘In October, 1922, was elected Lord Rector 
of Glasgow University. 

‘‘Has unaffected charm of manner and ob- 
vious sincerity. Although a man of wonderful 
learning, a profound lawyer, a valiant soldier, 
and a statesman of great attainments, he is 
scarcely more than fifty years old and looks ten 
or fifteen years less, with a commanding figure, 
lightheartedness of manner and speech, a me- 
lodious voice and clear, distinct expression. Is 
an athlete and sportsman. 

‘‘Belongs to the conservative party, but is 
not a reactionary, being numbered among the 
progressive British political leaders. Has been 
in constant demand as a speaker at publie 
gatherings. 

‘‘Has written books and articles on many 
subjects, including: International Law, New- 
foundland, articles on law in The Quarterly 
Review and Chambers Encyclopedia, Poems by 
Samuel Johnson, LL.D., Toryism until 1832, In- 
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ternational Law in the Far East, The Licensing 
Bill, The Destructions of Merchant Ships, 1917; 
My American Visit, 1918; The Indian Corps in 
France.”’ 


You see that history, the records, the great writers 
have placed our distinguished guest upon a pinnacle, 
simply because he belongs there, and not because he ever 
says anything in favor of himself. To my mind, of all 
his achievements the greatest is that he is always sincere. 
It is a great thing to know that what a man says is said 
because he believes it is true. We like a man who never 
_swerves from that ideal. 

This great man honors us by his presence on this 
occasion, and I have the great privilege of presenting 
you to him. Lord Birkenhead. (Applause.) 


Lorp Birxenueap: Judge Gary, gentlemen: Your 
President has been kind enough to say of me tonight that 
I am not a man who speaks in favor of himself. If I 
could carry your President about with me it would not 
be necessary that I should do so (laughter) ; and indeed 
as I listened to that long and friendly eulogy I could not 
help reflecting how unfavorable an impression I should 
form of any man of whom all that could truthfully be 
said. (Laughter.) JI am not that man. 

I estimate it as an extraordinary privilege that I 
should be entertained tonight at this representative meet- 
ing of what is unquestionably the greatest industry in 
the United States of America; and I have some general 
knowledge of others. I speak, I hope, with some sense of 
perspective. 

Concluding, as I am concluding, an arduous journey 
over this continent, nothing could have been at once more 
delightful and more flattering to me than that I should 
have been invited to be, with my distinguished colleague, 
one of your guests of honor tonight. 

My memory goes back to the days, the critical and 
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searching days, which began in August, 1914; and I know, 
for it was my duty to know, how immense and irre- 
placable was the debt under which the members of your 
fraternity placed the cause of the Allies in the first two 
years of the war. I could give many illustrations of the 
services that were then rendered. I could remind you of 
the distinguished gentleman who sits upon my left who, 
with his associates, in six months delivered twenty sub- 
marines to the cause of the Allies (applause), and I think 
it right to add this, that the consideration was never 
a purely commercial one, because I know well, and my 
government knew well, what were the competitive offers 
that were made to him and those associated with him on 
behalf of the German Government. I therefore say this, 
simply and plainly, that I think the great men among you, 
to whom we owe so much, were perhaps in their sym- 
pathies and in their outlook upon the fundamental prob- 
lems presented by that war, a little—a little in advance 
of the government of that day. (Applause.) And yet 
when one throws one’s mind back over the momentous 
issues in which every one of us in some degree or other 
played a part, I think the principal reflection that must 
spring to the mind is how ill-fitted is humanity to judge 
wisely in great events of momentous issue; because, of 
this I am sure, that there was no minister in Great 
Britain who, if he could by the expression of a wish have 
impelled your nation into the war in August, 1914, would 
not have expressed: that wish; and yet, in relation to the 
great developments of that war, I believe that it would 
have been an unfortunate wish. And I will tell you, if you 
will allow me, why. Your absence of participation for 
the first two years of the war, in my judgment, alone 
made it possible that we should adequately equip our- 
selves for the demands of a war which the majority of 
our people had not expected and which successive gZov- 
ernments had not prepared for. We had the advantage 
during that period of your neutrality. We had the im- 
mense contribution which you made to our munitions and 
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which no other country in the world could have made, and 
we had not, when the crucial moment came, the disad- 
vantage of being associated with a nation which had not 
made up its whole national mind that the war was a just 
and a necessary one. Therefore, although I have been 
bold enough to make certain criticisms in this country, 
I have never made any observation as to the period in 
which your nation came into the Great War. It has been 
sufficient for me, as it was sufficient for us, to know that 
we had the sympathy of the best and the most enlightened 
citizens of this country before you became actually bel- 
ligerent, and that those who directed the fortunes of this 
‘country, discharging a responsibility. which was theirs 
and not ours, did at least bring into the war, when you 
became belligerent, a united and enthusiastic and a reso- 
lute nation. 

And I would wish to add this: discussion in my judg- 
‘ment is unprofitable as to who won the war. There were 
many allies engaged side by side. I should, I suppose, 
withdraw or qualify the expression and say that there 
were many allies and one most illustrious associated na- 
tion among those who won the war. (Laughter.) But 
the particular question who, among those who were allied 
or associated in the war, won it, has always seemed to me 
to be a futile one, for this reason: I could hardly name 
one of the more important Allies without whose partici- 
pation in that war we could be quite certain that it would 
have even been won at all. I could take the case of 
France, the case of Italy, the case even of that small 
country, Belgium; and I could, if it were worth while or 
I had the time to elaborate the matter even further, re- 
mind you of the small British colony of New Zealand, 
geographically remote, 16,000 miles from the center of 
European conflicts, which had more men killed in the war 
than the whole Belgian people. 

We must therefore be a little careful when we assign 
to one Ally more than to another credit for that victory 
which, after all, we acting together won. But I wish to 
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make this clear about my judgment, and I had great 
means in those days of forming a judgment, because the 
material was accessible to me as closely, I suppose, as it 
was accessible to most people, and of this I am sure, that 
it was your adhesion to the cause of the Allies at a very 
critical stage of the war which destroyed the morale of 
the German nation and destroyed the morale of the Ger- 
man soldier (applause). 

Be under no illusions. Whatever had happened to the 
continental warfare; had the whole of our British armies 
in France been destroyed, as at one moment in the year 
1918 it appeared at least possible that they might be, at 
a crisis when the whole of our admiralty scheme was 
prepared, I can tell you now, for bringing away the 
scattered remnants of a broken army in France—even 
had that happened, we in Great Britain would have never 
given in, never, if we had had to have carried on a cam- 
paign for twenty years on the sea, as we carried on a 
campaign for twenty years against the great Napoleon. 
Allied with you, we would have taken the view that we 
were still to be the spearhead in European waters upon 
which the greatness of your infinite resources would have 
made a recovery of all that seemed lost possible and 
even certain (applause). 

We never came to that crisis, but it was my duty as 
a Minister to read the whole of the secret service infor- 
mation that we possessed as to the morale alike of the 
German nation and of the German army; and although 
we always disparaged, as a nation, everything that we 
did, Lord Balfour, whom you know better by the name 
of Mr. Arthur Balfour, once said with extreme truth, 
under the melancholy induced by a banquet at the Guild 
Hall (laughter), ‘‘As a nation,’’ he said, ‘‘we take a 
gloomy pleasure in self-disparagement.’? And if you 
had read the English papers you would have hardly 
known that Great Britain was a belligerent at all in the 
war; and therefore we underrated, amongst other things, 
our secret service. 
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I can say now, and say plainly, that I believe our 
secret service was as efficient as any secret service in the 
world, and that it was immensely superior to the German 
secret service. And I will tell you what were the mes- 
sages we got, throughout the year 1918, sustaining us 
under the staggering reverses with aa that immense 
German offensive confronted us. And I would add this, 
that I have never been one who has been prepared to 
disparage the German nation. I disapproved of many 
things they did, as all of us must have disapproved; but 
I say plainly they made a great and valiant fight and 
their last great offensive in 1918 was one of the most 
* supreme military efforts that any nation, after four 
years of desperate warfare, had ever made. I wondered 
what effect upon the minds of the German politicians and 
German soldiers would be produced by your intervention 
in the war. It was a dull, numbing sense that it was no 
use killing people, because however many they killed 
there were millions more of young, adventurous 
American boys, who were coming and who were pre- 
pared to be killed, and when they were killed there 
were more who would come after them, until we 
had decided whether a nation counted most in the war 
that was military or a nation that was merely martial. 
And, that was the great decision of the most vital months 
in the history of the world. It was just because the 
German politicians realized that the war was hopeless 
that their morale perished; and it was just because the 
German soldier realized that, wonderfully and bravely 
as he had carried through his task in the trenches, the 
military hope of success had perished forever. It was 
for that reason that a blight of despair settled upon the 
whole German nation, and it was your contribution in this 
matter that was in the last stages decisive and that ended 
the war at least two years earlier than it might other- 
wise have been ended. 

And now, Mr. President, you may perhaps allow me 


436 AMERICAN IRON AND STEEL INSTITUTE, OCTOBER MEETING 


to address a very few observations to you about the 
present situation of the world as I see it. 

I am no longer a Minister. I have no longer open to 
me the secret sources of information which come to all 
cabinets. My information today is the same as yours. 
It is derived from the public press and from such official 
communications as are made public, so that all of us can 
read them. But nevertheless I have some derived official 
knowledge, and I would ask your leave to say a word or 
two as to the situation of Europe as I see it and the 
situation of the United States as I conceive it. 

I have never been—I may be right or I may be wrong 
—I have never been what is sometimes called an idealist 
in politics. In this respect I have been at least consistent. 
Some twenty-five years ago the then Czar of Russia 
summoned a meeting of all the civilized nations of the 
world to The Hague in order to establish a League of 
Peace. I had occasion in the year that followed to write 
a small book on the suljject of international law, and I 
was then a young man; I made this observation about 
that proposal: ‘‘Serious men, who have studied the his- 
tory of the world and have acquainted themselves with 
countless centuries of human nature, will be slow to 
believe that human nature has altered much, that inter- 
national temptations have been greatly modified, or that 
we in our day and our generation are to see the end of 
war.’ 

I wrote this twenty-five years ago, and I was eriti- 
cized for it at the time that I wrote it. Since then there 
has intervened the Great War. 

What was the lesson of that war to intelligent people? 
It can be stated in a short and simple sentence: That not 
all civilization or all Christianity has succeeded in the 
slightest degree to alter that which is fundamental in 
human nature. And I may embark myself upon even a 
wider philosophy in relation to this topic. Are we so 
sure that even morally the idealists are right? What is 
our fugitive position, we insects who live upon a world 
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of which we know so little? What is it? One day a great 
nation, enjoying a moment of fleeting power, asserting by 
force of arms its domination over a great area of the 
world’s surface. Spain had such a moment. Portugal 
had such a moment. Holland had such a moment. We 
in Great Britain have had many such moments. But who 
is to be presumptuous enough to state that the last word 
in the advancement of the happiness of the human race 
as a whole is to be determined by the hegemony and domi- 
nation which at one moment has been established and 
which at one moment may be in the best interests of the 
world as a whole but which, a few years afterwards, may 
‘be not in the least in the interest of the world as a whole? 
After all, within a few years a more civilized and more 
~ cultured nation may be developed. Who are we, by 
Leagues, whatever you call them, to assume to ourselves 
the right of stereotyping the present world surface in 
defiance of all the known laws of science, of human nature, 
of international evolution? I have always refused to be a 
party to what I regard as a grotesque hypocrisy. I say 
I take the view that we develop as nations and as com- 
munities precisely as our ancestors, even in pre-historic 
days, developed. They developed in virtue of personal 
contemporary merit, and nations develop and ought to 
develop and will dévelop, however many perorations we 
make in terms of international evaluation, in terms of 
contemporary merit. 

The idealists come into complete collision with that. 
They tell you all you have to do is to form a League and 
if you form a League you will determine the existing 
world surface; you will have a court which shall arrange 
everything which is a matter of international dispute 
and which will maintain the status quo of the world’s 
territory. 

I have never been a believer in that doctrine. I am old 
enough to make it extremely improbable that I shall ever 
become a believer in it (applause). 

As Iam no longer a Minister, I am able to speak with 
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complete freedom. I said two years ago in England, 
when I was a Minister, that I recognized no master in 
polities, and I have never felt it necessary even when I 
was a subordinate Minister, to put my opinions in pawn 
or pledge to anyone; and whether I give you the same 
message that others give you who come from England, I 
care little or nothing; I come here to state that which I 
know, that which I believe in, and that which I know to 
be right; and in that sense I repeat to you what I have 
said elsewhere in the United States, claiming the right of 
a most genuine admirer of a people among whom | num- 
ber so many dear friends and at whose hands I have 
received incredible acts of kindness—I put this perfectly 
plainly : The British people and Europe have no grievance 
whatever against the American nation for the decision 
which.the American nation reached when it refused to 
ratify the Treaty which was arrived at in Paris. We 
have no grievance whatever, because it was the first time 
that the American nation was ever consulted about it. 
It is monstrous to propose that an entirely new. national 
policy must compulsorily be accepted by a free democ- 
racy, never up to that moment consulted, a policy which 
was entirely out of harmony with its fundamental con- 
ceptions and its historical traditions (applause). 

And I am sure that the general view of my country- 
men is under that head; we have no grievance of any 
kind. And I may go so far back in history as to say that, 
when I was over here five years ago as a Minister, ad- 
dressing your people, I wrote privately to the Govern- 
ment that sent me here and told them that in my view 
there was no chance that the American nation would 
accept the proposals that were then being put forward 
in their name. But while I make that admission, I ask 
you on your part to remember this: We in Europe have 
had very bad luck; it is not your fault and I could not 
even, in accurate language, charge it as the fault of your 
Constitution, but it is the result of your Constitution, 
that we had no choice at Paris in those momentous and 
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vital months in which I took a part, with others, except 
to receive the view that the proposals put forward did 
represent the opinion of the American nation. Many of 
us suspected, some of us knew that they did not, and I 
do ask you to remember this, our ill-fortune was that we 
had no choice except to treat them as the considered judg- 
ment of the American people. Suppose we had said then: 
‘“We do not believe that you, who come here and make 
these proposals, represent the American people?’’? We 
should have put an insult and an affront upon the great 
Executive of your country; and it would have been im- 
possible to do so. While therefore we recognize frankly 
* that you were right in your decision, when once you had 
the opportunity of reaching that decision, we think that 
you ought to be a little indulgent to us, because we had 
to assent to so many views which, believe me, in the terms 
of the Treaty would have been very differently expressed 
if we had not been compelled to accept the view that those 
proposals carried with them the authority and the wishes 
of the American people (applause). 

Mr. President, I am trying, not being a Minister, not 
to make the kind of peroration I and others have fre- 
quently made at Pilgrims’ banquets (laughter); I am 
trying really, among men of business, to say quite plainly 
what I believe to be in the minds of most reasonable and 
friendly Englishmen. And while I have been here I have 
been tempted to say that; and I cannot recall one single 
word that I have said in this country which was not care- 
fully chosen; I am, after all, like your President; I am 
a judge (laughter) ; I cannot recall one single word which 
-was not carefully chosen, and certainly I cannot recall one 
single word which, on the eve of my departure, I either 
wish or am prepared to withdraw (applause). I have 
tried to describe the real truth of the international situa- 
tion between us. 

And let me add this word: Some,—many, have asked 
me in this country, what is the general opinion of the 
British people in reference to the repayment of the 
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American debt. Now, here again I will speak, with your 
leave, with the most friendly frankness. We did not 
incur in the main that debt as a principal debtor; we in- 
curred it as a guaranteeing debtor. But the obligation 
in law, in honor, in morality, is as great on the shoulders 
of a guaranteeing debtor as it is upon the shoulders of 
the principal debtor. Our country has existed for a long 
time, it has maintained its credit for a long time; and 
whether we enjoy the proceeds of a loan for our own 
_ benefit or for the benefit of Allies, it has been our habit 
to pay our debts, and we have paid them and we have 
readily paid them—not only from the point of view that 
it was a matter of international obligation, but I say 
to you plainly, from the point of view that it was the 
policy of Great Britain to pay her debts; it has been her 
immemorial history, and we should not have maintained 
that great credit position of the City of London, which 
still—forgive me for saying,—which still challenges Wall 
Street; we should not have maintained that position 
unless we had maintained the long history of payment of 
our international obligations. 

The only feeling that we have on the matter, and I 
speak in the same frankness that I spoke on the purely 
political subject a while ago, is that your other debtors 
might perhaps be persuaded to take the same view 
(laughter). After all, in the very expressive American 
slang, they got away with the money (laughter) ; we did 
not. Weguaranteed it. We have only paid. (Laughter). 

A distinguished ally in the late war, when in private 
conversation, was asked by me: ‘‘What does your nation 
propose to do in relation to these war debts?’’ He said: 
‘In our opinion, you are mad to have paid your debts. 
We regard our debts as the sears of war.”? (Laughter. ) 
To which I replied: ‘‘Well, it ill becomes me to compare 
private with public affairs; but my own private affairs 
would be very happily simplified if I could take the same 
view of my own private obligations.” (Laughter.) 

And I myself hope very strongly that you will, in the 
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tactful way which your statesmen possess in such matters 
(laughter), and to which we have so warmly responded 
(laughter), that you will expand the area of your per- 
Suasive arguments (laughter), and that some of our 
Allies may, equally with ourselves, be brought to under- 
stand that on the whole when you borrow money it is 
more convenient to pay it back some day (laughter). 

Now I have only this to add, and I have trespassed 
too long upon your good nature: I told you that I was a 
realist and not an idealist in politics. I believe, reading 
the history of the world with the best attention that I 
can give to it, and I had to give a good number of years 
. of my life in studying it, that the only legitimate consider- 
ation for the government of a particular country is the 
interest of the citizens of that country towards whom 
they stand in fiduciary relationship. Private charity in a 
business man is one thing’; the conduct of his business is 
another thing. Private national charity is one thing; the 
fundamental principle upon which you determine national 
policy is another thing. The generosity of your nation 
in your private national charities is proverbial throughout 
the world, whether they are exercised in Russia (where I 
believe they profitably exported much of the wheat which 
the more charitable among you sent to them (laughter) ,— 
or whether they are exercised in Japan, is admirable; but 
I have always clearly been of the opinion that there is no 
justification for appealing to the government of any 
country to come to the aid of another, either in times of 
peace or war, unless in the strictest charge of their 
fiduciary relation to their own citizens they are convinced 
that the interest of the nation, taken as a whole, requires 
that adhesion. Just as I took your view of the war, so I 
take your view of the peace. It is not for me to say 
whether or not such a moment may arise in relation to 
Europe. It is for no European Minister to advocate a 
course in relation to that. 

The situation is obscure, difficult, at present in- 
calculable. I do not know how far the catastrophic 
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movement which has overwhelmed Russia is destined to 
spread over other parts of Europe. I do not pretend to 
understand your business economies and your own in- 
ternal situation clearly enough to be sure how long you 
can be completely indifferent to the Europe which is 
either emerging or being submerged through the mael- 
strom of war. 

If there comes a moment when the coolest business 
heads among you reach the conclusion, and assuming that 
you can project your personality over the footlights 
clearly enough to affect your politicians with the view 
that you have reached—I say, when the coolest business 
heads among you reach the conclusion that it has become 
an American interest that Europe should be assisted, 
that Europe should receive American economic advice, 
that either the present or the future of your agriculture 
or the present or the future of your general export trade 
make it impossible for you to remain indifferent to the 
tragedies which are being enacted in Europe, at that 
moment and at that moment only, if I were a Minister in 
the United States of America, should I be induced to 
intervene. 

When that moment shall arrive, I do not know. There 
are very considerable arguments which, if I had the time, 
I could advance, which would suggest that such a moment 
may arrive, not indeed for undertaking the responsibili- 
ties, so lightly and I still think so thoughtlessly proposed, 
which involved you or might have involved you within 
five years in a European war; but for taking some » 
advisory part which would reinforce, with all the business 
experience and the moral strength of this community, the 
decisions of a Europe, of which I say plainly it is a 
stricken and enfeebled continent. 

Mr. President, I have touched, in the time you were 
kind enough to allow me, which I hope I have not ex- 
ceeded, upon many topics. 

Let me conclude by saying this: I am certain that more 
and more as the result of our association in the critical 
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years of the war struggle; as the result, a little I hope 
of that Irish settlement which more than anything else 
wrecked the government to which I belonged, that the 
causes which make for harmony between our countries 
are growing more and more, and that the causes that 
make for disharmony are being daily and weekly and 
monthly reduced; and that in the association of these 
peoples speaking the same language, inheriting funda- 
mentally the same moral ideals, in that continued associa- 
tion, in the development of its moral growth, lies, and 
lies alone, the future of civilization and of humanity. 
Let us keep together. (Great applause.) 


JupGk Gary: There are many countries remotely 
situated from the United States that, comparatively 
speaking, we know little about; not as much as we ought 
to know. That is to say, in modern times we have been 
too busy, as a whole, to travel all over the world and to 
keep well informed in regard to some of the details of 
the governmental management of some very important 
countries. 

We know by reading of Cyrus, the great king, soldier 
~ and conqueror, how he builded up Persia and the Persian 
domain and influence; we know that he pretty nearly 
ruled the world a few centuries before Christ; and we 
know some of the things that followed. 

We know something of the great production of art in 
Persia. We are proud to have in our houses some of 
those very finest specimens of art. But we know, as I 
said, less than we ought about what is going on in Persia 
today, what she has, what she is doing, what she hopes 
for, and what she has reason to expect. 

We are honored this evening by the gentleman who 
represents that country in the United States and who is 
qualified to tell us something that will be of very great 
interest. Mr. Alai, the Persian Minister to the United 
States, was born in Teheran, Persia, in 1882; the son of 
the late Prince Ala-Os-Saltameh (Exalted One of the 
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Kingdom), former Prime Minister of Persia, educated 
in England at Westminster School and at University of 
London; read for the Bar at Inner Temple and completed 
studies as English Barrister; served at Persian Legation 
in London and as Attaché and Secretary; later returned 
to Persia, where for a period of eleven years he filled 
important posts at the Foreign Office and became Min- 
ister of Public Works, Commerce and Agriculture; 
member of the Persian Delegation to the Paris Peace 
Conference in 1919; appointed Persian Minister to Spain 
in 1920; transferred from Spain to Washington, pre- 
senting his credentials to President Harding on No- 
vember 15, 1921. 

I have the very great honor of presenting this 
very distinguished representative of Persia. Mr. Alai. 


Mr. Hussery Anat: Mr. Chairman, your Lordship, 
ladies and gentlemen: It is an honor to my country and 
myself as well as a great pleasure to be permitted to be 
your guest this evening at this distinguished gathering. 
Yours is a very important organization, representing an 
industry which is the very backbone of this great country. 
You are a great factor in the industrial and economic life 
of the world. When we realize the tremendous transfor- 
mation of the world brought about by the improvement of 
communications on land and sea and by the use of ma- 
chinery, we recognize that you are rendering yeoman 
service to humanity. You have contributed and are con- 
tributing toward world solidarity and to the promotion of 
universal peace by drawing the peoples of the various 
parts of the earth closer together and by enabling them to 
serve each other as never before. Americans of genius, 
courage and vision by their Startling discoveries and 
many achievements have enriched and broadened human 
life within a very short space of time. You men of steel 
and iron determination have scorned contentment which 
sometimes brings stagnation and have always looked for- 
ward to greater achievements. Your remarkable effi- 
ciency, loyalty and power of organization and coopera- 


AFTER-DINNER ADDRESSES—ALAI 445 


tion for a great purpose constitute an example and an 
inspiration to all countries of the world, and to none more 
than to Persia, or Ivan, as we call our land, that is to say, 
the land of the Aryans; for you must remember that 
Persia was the cradle of the Aryan race from which you 
are sprung, and that I can greet you as my American 
cousins. 

It may interest you to know why the eyes of an ancient 
country like Persia are turned towards this young but 
mighty republic, the foremost nation of the world, still 
on the threshold of its greatness. I will try to briefly 
explain this and give you at the same time the reasons 
“why America should interest herself more and more in 
Persia and extend to her the hand of friendship. 

Persia’s contact with the United States has always 
been friendly and the relations have not been ruffled by 
any untoward incident. Your missionaries have come to 
us bringing schools and hospitals, not converting many, 
but alleviating suffering and promoting education. Relief 
work done by the American organizations, notably the 
Near East Relief during the famine of 1918-1919, and 
more recently by the Red Cross when a very serious 
earthquake rocked our northeastern province of Khoras- 
san, causing great loss of life and property, has demon- 
strated to us your humanitarian feelings and altruism. 
American citizens like Mr. W. Morgan Shuster, who was 
in Persia in 1911, and Dr. A. C. Millspaugh, who is'there 
at this moment, employed by the Persian Government as 
Financial Advisers, have shown us what fine types of men 
are produced by America—loyal, honest, industrious and 
patriotic. The principle of self-determination, the policy 
of the Open Door and Equality of Opportunity, advocated 
by your Government, the strong stand taken by the 
United States at the Arms Conference in Washington 
for the upholding of the rights of China and for the 
limitation of world armaments, have manifested to us 
that America cherishes no imperialistic purpose; that she 
is sincere in her desire to promote peace and seeks no 
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pretext for interference with the aspirations of free 
peoples. All this was in such contrast with the attitude 
of Persia’s neighbors who kept her down and blocked 
her every attempt at regeneration and progress, that 
naturally a very great enthusiasm for the United States 
has been awakened in Persian hearts. It is therefore with 
implicit confidence in your desire for Persia’s welfare that 
we have addressed ourselves to you for technical and 
financial assistance in our efforts towards rehabilitation, 
knowing full well that you have no ‘‘axe to grind’’ in 
the Near and Middle East. 

’ Persia, as you all know, has from the most 
remote times until comparatively recently had a 
glorious history. She has contributed enormously to the 
spiritual wealth of mankind by her arts, literature and 
philosophy. Although one of the most ancient nations, 
she has pursued to the present time an almost unbroken 
career of literary and artistic activity. For thousands of 
years she has not ceased to produce beautiful things. 
You know of our rugs, our tiles, our pottery and our 
lacquer, our silver and bronze work, and, of course, you 
have all read FitzGerald’s beautiful rendering of the 
immortal poetry of Omar Khayyam. The Persian people 
have still their pristine eye for color and beautiful forms 
as well as their love for poetic thought and expression. 
The people have preserved a religious spiritual mind 
and this, I think, is the foundation of all progress, all 
government and business. They have a strong national 
self-consciousness which is the seed-bed of future accom- 
plishments; their national character is wonderfully 
resilient, enabling them to resist foreign influences which 
would have crushed a race with less pronounced national 
characteristics. Indeed their strong indomitable national 
spirit has enabled them to preserve their individuality 
as a people and sovereignty as a nation in spite of the 
many vicissitudes through which they have passed. But 
I confess we are backward in the material things of 
life. We have been kept backward by the policy of our 
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neighbors which was adverse to Persian development. 
We lack machinery and transportation facilities; we have 
hardly any railways; we still resort to rudimentary 
methods in our agriculture, which is one of the main 
occupations of the people. Therefore, it is that America’s 
example inspires us. We wish to open up our country— 
which is much larger than some people imagine, for 
Persia is as large as Germany, Italy and France put to- 
gether, four times the size of California, with general 
physical conditions similar to that great and prosperous 
state of yours. We wish to link our two seaboards, the 
Caspian and the Persian Gulf, and to draw closer together 
the far-away districts of our land so that there shall no 
longer be an over-abundance of foodstuffs in one region 
whilst in another region famine prevails. It is steel that 
will furnish new pathways of communication; the locomo- 
tive must replace the camel and steel will distribute evenly 
the products of the Persian Empire. The introduction 
of modern methods of communication and irrigation, the 
doing of things with machinery, will bring prosperity 
to the land, increase the present sparse population of 15 
millions, raise the standard of living, and point the way 
to happiness and content. Our young men, encouraged 
by the Government of Persia, are coming to this country 
in larger numbers to study conditions and imbibe the 
knowledge and high ideals which the United States so © 
generously imparts. They are mainly devoting them- 
selves to technical and vocational training, for at present 
engineers and educators are more in demand in Persia 
than politicians and lawyers. - 

Yet another reason why Persia has fixed her admir- 
ing gaze on America and deserves your attention is that 
my country is richly endowed by nature. Over and above 
the extreme fertility of the soil, which, in spite of aridity 
in certain parts, produces all the cereals, rice, tobacco, 
cotton, the most fragrant flowers and succulent fruits, 
over and above the production of silk and wool which 
enter so effectively in our textiles, Persia has great 
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natural resources and potential wealth in her mines and 
minerals. She is today the third or fourth among the 
oil-producing countries of the world, the oil belt along 
her northern coast, along the Caspian Sea, being yet unde- 
veloped and open to American enterprise. My country 
produces and can produce coal, iron, copper, nickel, sul- 
phur, lead, manganese, borax and cobalt in unsuspected 
quantities. In the vicinity of Lake Urumiah in northwest 
Persia, for example, very extensive coal and iron deposits 
have been discovered close together, the latter assaying 
as high as 70%. In the Gharadjedagh district on the 
Caucasian border, as well as in the south near Kerman, 
important copper mines have been discovered. Persia 
desires American cooperation in the devetopment of these 
resources which have hardly yet been touched. She courts 
American expert and financial assistance in the opening 
up of these mines and in embarking upon a period of 
economic development. 

America cannot fail to extend friendship to and mani- 
fest great interest in a country inhabited by men of 
her own race, men who are sober, intelligent, patient and 
intensely patriotic, who since 1906 have adopted demo- 
cratic institutions and by successive revolutions have suc- 
cessfully overcome domestic despotism and foreign inter- 
ference. For a hundred years and more Persia has been 
cramped in her efforts at progress and development by 
her stronger neighbors, particularly by the old régime of 
Russia. The policy of the countries adjacent to Persia 
has been to keep her decadent, politically weak, and eco- 
nomically dependent. Those powers were marvelously 
successful in convincing themselves and the outside world 
that every predatory enterprise they engaged in was a 
moral crusade. I need only mention the Ang!o-Russian 
Agreement of 1907, which split up Persia into zones of 
foreign interference; the Anglo-Russian Ultimatum of 
1911, compelling Persia by armed force to dispense with 
the services of Mr. Shuster, and his associates, to prove 
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how Persia was being ground down between the upper 
and the nether millstone. 

The great war did not spare Persia. She was overrun 
by the belligerent nations around her; her neutrality was 
violated; a theatre of conflict was created against her 
will within her borders; she became the Belgium of Asia. 
The consequence was devastation of Persia’s fairest 
provinces, great loss of life and property, famine, 
epidemics. In this gloomy and desperate situation a ray 
of ight came from America. A relief commission arrived 
in Persia and ministered help and succor to the sorely 
tried people. The collapse of imperialistic Russia—the 
Russia of the Romanoffs, which had kept us under its 
heel for so long—was also a godsend to Persia. The old 
order changed, yielding place to a régime which reversed 
the policy of its predecessors by returning to the Persian 
people all the rights extorted from them by the Tsars; 
treatiés, conventions, arrangements, protocols, conces- 
sions, wrenched from us under duress, were by one stroke 
_ of the pen rendered null and void. Russian troops which 
had oceupied our territory and wrought such havoe were 
removed and we began to breathe again. Let me say, inci- 
dentally, that it must not be thought that because we 
entered into a treaty of neighborly relations with Soviet 
Russia, we necessarily adopted their doctrines or that 
ivussian propaganda is making any headway in Persia. 
Nothing van be further from the truth. Communistic 
ideas are far removed from Persian minds; they are con- 
trary to our traditions, customs and religion. An ex- 
tensive common frontier and an important interchange 
of products make a modus vivendi between the two coun- 
tries obligatory. 

But we obtained no redress in 1919 at the Paris Peace 
Conference whither the Persian Government sent a dele- 
gation of which I was a member. Influence was exer- 
cised at the Conference table to prevent our obtaining a 
hearing, and meanwhile the Anglo-Persian Convention of 
1919, which made Persia virtually a British Protectorate, 
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was put through. This cynical ‘policy did not work. 
There was such a storm of protest against it, both inside 
and outside of Persia, that the Convention was finally 
abrogated in 1921 by mutual agreement with Great 
Britain. 

You will therefore see that since 1921 Persia’s 
political horizon has become brighter. Direct foreign 
interference, as a result of a new spirit in international 
relations and of the awakening of the East, has ceased, 
and I may here say that the Hast is wide awake, but not 
in hostility toward the West, rather in resentment against 
certain powers of Europe, and in the full determination 
to insist upon respect of the independence and sovereignty 
of its component parts. Being at last after centuries of 
coercion given a chance to put our house in order, we lost 
no time in organizing a small but efficient homogeneous 
military force in place of the heterogeneous forces im- 
posed upon us. This army under the leadership of a 
strong and patriotic Minister of War—Reza Khan—has 
re-established order throughout the land, repressing 
agitation and unrest largely encouraged by foreign inter- 
ference and intrigue, and restoring in the provinces the 
authority of the central Government which had been im- 
paired by the presence of foreign troops. The Persian 
Parliament, or Madjless, as we call it, met again in June, 
1921. Its first care was to vote measures tending toward 
the rehabilitation of the country after its terrible experi- 
ences and sufferings during the war. Among other steps 
was the employment of a group of American financial 
advisers under the leadership of Dr. A. Q. Millspaugh, 
former Economic Adviser of the Department of State. 
For nearly a year now the finances of the Persian Gov- 
ernment have been under the control of these American 
administrators. The powers of the American group are 
derived ultimately from the Persian Parliament, whose 
comprehensive grants of authority give the American 
Administrator and his assistants adequate powers and 
immunity from political vicissitudes. The efforts of Dr. 
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Millspaugh have already borne fruit in a steady improve- 
ment of the nation’s financial condition, and, in his 
opinion, the Persian Government is now in a position to 
contract one or more foreign loans. Accordingly, the 
Parliament has recently sanctioned negotiations for loans 
not exceeding 40 million dollars in the aggregate, destined 
in large part for public utilities and industrial develop- 
ments to be carried out by American firms. Evidence of 
the confidence of the Persian people in the American 
mission and in the United States in general was furnished 
by a stipulation in the law that the loan must be placed 
with American bankers. With the exception of the 
southern oil fields, one of the world’s richest producing 
areas, the great natural resources of Persia have, as I 
have already said, scarcely been touched. Under the 
general direction of the American advisers later to be ap- 
pointed for the Ministry of Public Works, it is expected 
that American capital will find lucrative employment in 
road, railway, and bridge building; irrigation construc- 
tion; mineral and oil exploitation, and other means of 
developing Persia industrially and economically. The 
budget for the fiscal year 1923-1924 has under the super- 
vision of the American advisers been balanced. As com- 
pared with almost any other country the debt of Persia 
both gross and per capita is practically negligible. The 
result is a national burden phenomenally small as com- 
pared with the potential and even the present wealth of 
the nation. There is and there has been no inflation what- 
ever in Persian currency. Persia is one of the few 
countries today whose currency is not debased nor de- 
preciated. I repeat that Persia is in a state of domestic 
peace. Her roads were never more safe for commerce. 
Her provinces are loyal to the central Government. 
Tranquillity throughout the country is assured by a 
strong, regularly paid gendarmerie, which is entirely free 
from foreign intrigue or influence. This force acts as a 
national constabulary and gives its constant support to 
the work of the Financial Administrators. I have 
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already said that the political situation has completely 
changed. Soviet influences do not touch the masses of 
the people, who are economically, religiously, and tem- 
peramentally unfitted for Communist propaganda. The 
dominance of Moscow is in no way likely to be felt in 
Persia. On the other hand, Great Britain has withdrawn 
all of her forces from the country and definitely 
abandoned any attempt to control Persia politically. In 
short, Persia has shaken off foreign domination and the 
leeches of lethargy and is ready to take the place to which 
her brilliant history entitles her among enlightened and 
progressive nations. 

The time is propitious for American participation in 
the economic development of Persia and the Near East. 
Coupled with their appreciation of America’s financial 
strength is a faith shared universally among Persians, 
Turks, Afghans, in her political disinterestedness and her 
economic efficiency. 

If in the course of these remarks I have been fortunate 
enough to remove from your minds even to a small extent 
the feeling of remoteness which you probably had when 
I began, and if, instead of the haze and blur which ob- 
structed your view of my country, a clearer picture has 
been presented to you, I shall consider that I have done 
something well worth while. For IT firmly believe that 
there can be no peace and well-being in the world unless 
the various countries come to know one another better, 
and are ready to assist one another more and more in the 
pursuit of human advancement and solidarity. The Per- 
sian poet Saadi expressed as long ago as the 13th century 
the feeling which we all share today. He said: 


‘“The Sons of Adam are all members of 
one and the same body; if those who at their 
creation are made of the same substance are 
injured by fate in one of their members, all 
the others feel it.’ 
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JupGE Gary: Do you know the Garden of Eden is sup- 
posed to have been located between the Euphrates and 
the Tigris, near the Persian Gulf, adjacent to the border 
line of Persia? 

It has been my custom to give you the opportunity of 
naming the last speaker. (Cries of ‘‘Schwab, Schwab, 
Schwab.’’) 

Mr. Cuartes M. Scuwas: Mr. Chairman, Ladies and 
Gentlemen: Up on my farm at Loretta this summer, on 
a wet day (laughter), I was going through the garden 
and found an Irishman wet and tired. I said, ‘‘Pat, come 
up to the house and have a drink.’’ (Laughter.) He gazed 
- with his eyes on the sky. I said, ‘‘What are you looking 

at??? Hé said, ‘‘Well, it sounded like a voice from 
heaven.’’? So when I hear your applause and call to ad- 
dress you after so many years’ association—well, it is 
equivalent to a call from a higher nature that brings a 
thrill of joy to the heart that is second to no other sensa- 
tion within my heart and mind. 

IT wonder why you want to hear me talk. Judge Gary 
spoke today about the advisability of hearing a man make 
an address and then reading it afterwards. Well, I am 
mighty glad that you cannot read any of my addresses 
after I have made them. I feel about my addresses very 
much like an incident that occurred to me down at White 
Sulphur Springs last week. I was down there for a little 
rest and to take the cure, although I do not know what the 
cure is for. My wife went down to Asheville, as she does 
not like White Sulphur very much. I played golf pretty 
strenuously and learned to play fairly well and, incident- 
ally, made the acquaintance of a very attractive moving- 
picture artist while I was there (laughter). 

Shortly after my wife came up to take me home, stop- 
ping off at White Sulphur. I invited her down to the golf 
links to see how beautifully I drove off and how well I 
played. I drove off well, and everything went fine; I said 
to her, ‘‘ Walk down to the first green.’? That was a fatal 
mistake. On the way down I found my friend coming 
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from the opposite direction, arrayed in all the colors of 
the rainbow. It puzzled me to know just what I should 
say, if anything, but I made up my mind that I would go 
through it. I said, ‘‘Good morning, Miss Smith. How 
is your golf today?’’? She said, ‘‘Damned rotten.’’ 
(Laughter.) My wife said, ‘‘Who is your friend?’’ 
(Laughter.) 

Now that is the way I feel about my speeches. When I 
go home I always feel there are three speeches I made: 
One that I made coming here, the things I am going to 
say, and that is pretty good; then I think of the things I 
do say, and that I am not very happy about; and then, 
going home, I make the best speech of all, when I think of 
the things I might have said (laughter). 

But, my friends, I always think of my closing rambling 
remarks here as a sort of a benediction on this splendid 
assembly, and I wonder what other member would have 
a better right to express a benediction here, Judge, than 
I. I mean, now the people take me seriously and that is 
because of my religious attitude in life. It becomes me 
better than it becomes any other member (laughter). 

But, my friends, I never lose this occasion to say and 
to pay a tribute to our Chairman and to pay a tribute 
for the splendid address which he gave us today. He 
told me that he was dissatisfied with it. T told him that 
it was the consensus of opinion of all of us that never 
had he made one that was more timely, more tactful, or 
one better calculated to place the great steel fraternity 
in the proper light before the people of this country ( ap- 
plause). SoIfor one congratulate the Chairman on what 
he did today for this Institute, as well as what he has done 
for it during the past twenty years. 

The Judge is naturally himself when he comes to this 
meeting. But when he endeavors to go to farming and 
compete with us—you probably have seen in the news- 
papers that he won the first prize for vegetables, Well, 
you notice there is a scar on his head today. Now I will 
not say that I am told credibly, but I have heard two 
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stories about it. One was that he had a dispute with the 
judge as to whether it was a squash or a pumpkin for 
which he won the prize, and the other that he got that 
scar by trying to have a permanent wave put in (laugh- 
ter). I do not know which it was, but in either event the 
purpose was laudable (laughter). 

Now I would like to speak of the magnificent address 
of my neighbor, Lord Birkenhead, the straightforward 
things he said, how they appealed to these men of iron 
and steel, whose natures are like their profession, who 
like plain dealing and plain words, like no dissembling 
or political misunderstandings but an unmistakable state- 
“ment of fact which we, the assembled gentlemen of the 
iron and steel trade understand. I know, your Lordship, 
that I voice the sentiment of this great assembly when 
I say that we all enjoyed your address immensely, but we 
enjoyed much more that tone of confident friendship that 
you have inspired between your great nation and this 
country, and I express the hope that the sentiment which 
has so long existed may continue to grow and that the 
English-speaking nations shall lead all other nations of 
the civilized world (applause). 

We have abolished the 12-hour day. I am happy for 
the workmen in the Iron and Steel Institute that they 
have now rid themselves of this long term of employ- 
ment. But another thought comes to my mind, that has 
given me much concern, and that is the hard-working, 
Big-Gun officials of these great iron and steel companies 
and the fifteen hours a day that they have to put in. 

Dr. Darlington told us last year what we should do to 
preserve our health and our bodies to meet the arduous 
duties that we have to perform. I am going to try to 
draw a composite picture tonight, made up of Jim Camp- 
bell, Willis King, Farrell and Topping; just sort of taking 
them together ; I want to give you fellows, many of whom 
are out in the mills, some idea of the strenuous fifteen 
hours a day that these men have to put in. They get up 
at eight o’clock in the morning, sometimes a little later, 
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rarely any earlier. Dr. Darlington told them that their 
first duty was to take physical exercise. Well, I was out 
to Campbell’s place and watched him exercise one morn- 
ing. He put up his arms five times (laughter). Willis 
King took bending exercises, because he was proud of 
his picture (laughter). And Farrell, with the true in- 
stinct of the Irishman, thought he would have a fancy 
boxing match each morning. Well, with that strenuous 
exercise over they went to their breakfasts, where they 
had one egg and a small piece of toast served by six but- 
lers (laughter); then they got in their Rolls-Royce car 
and went down to their office. The remainder of the 
morning at the office was spent on requests for help and 
charity and petitions. They had a luncheon, which was a 
strenuous affair. Then came the real duties of the day, 
in the afternoon, when they sent for their stenographers 
and dictated messages to the managers of the mills com- 
plaining about the costs of production. That is an every- 
day occurrence with every official of every big steel com- 
pany (laughter). Then they sent for their selling agents 
and wanted to krow what Jim Campbell could have done 
to get the business that should come to them. So dinner- 
time comes, and they have to wade through a big dinner. 
And finally, after a strenuous evening at poker, Ma-J ong, 
or something else, they go to bed, and the fifteen hours 
are put in with such strenuosity that I have advocated 
assistants to relieve them of these arduous duties, and 
they have all unanimously arisen and said, ‘‘We will 
attend to our own business.’’? They do not want anybody 
to take their places. Now, if Dr. Darlington can devise 
some means to lighten their labors, there will be done a 
real good turn for the iron and steel industry. 

Lord Birkenhead is going back home. I hope he will 
not have the impression from this assembly that a pre- 
vious friend of mine had who went home to England after 
a visit to this country; they said to him, ‘‘How did you 
find the political conditions in America??? ‘Fine. Splen- 
did. Everything going smoothly.’’ ‘How did you find 
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the business situation in America?’’ ‘‘Found it fine, too. 
But, strange to say, everywhere I went I found there was 
a scarcity of bananas.’’ (Laughter.) 

Now, my friends, we have concluded this meeting. We 
. have concluded this splendid gathering today, and this 
evening, with one note that I want to accentuate, that I 
feel is more predominant than at any meeting we have 
ever had: there has never been so much good fellowship ; 
the distinguished Lord has shown or endeavored to show , 
you and convince you of the necessity for co-operation 
and good feeling between the nations of the world. That 
which he expounded is just as important in a business 
. Sense. He set forth one of the greatest business princi- 
ples of modern times, and that is co-operation and good 
fellowship. We shall never have good thinking and sound 
thinking except in a happy frame of mind, and that we 
seem to have here tonight and to have had today at our 
meetings to a greater degree than at any previous 
meeting. 

If we can continue to go stronger and firmer in that 
direction, as his Lordship has expressed the hope that we 
would continue to grow in a political and international 
sense, then the solidity and future prosperity of the iron 
and steel industry in this country is assured. 

I congratulate Judge Gary again. I wish him long 
life and health. «I congratulate the Directors. I congrat- 
ulate the Members of the Institute for their loyaity to the 
institution, for their love of their business, and above all 
for their loyalty and American citizenship. God bless 
you all. May a happy and prosperous year be yours. 
May we all meet and assemble here next year with the 
same, or better, good fellowship than has been exhibited 
at this meeting. I propose, gentlemen, what I have pro- 
posed each year for many years, that you rise and drink 
the health of our Chairman and then adjourn, with happy 
recollections of this delightful meeting. 

(A toast was drunk to the Chairman. ) 
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Jupee Gary: We thank the distinguished guests for 
their presence and for their splendid addresses. For 
myself, I thank you all for everything. Good night. 


ABERDEEN EXCURSION 


Jornt MeEtine with THE ARMy ORDNANCE ASSOCIATION 
At ABERDEEN Provina GROUND 


The Army Ordnance Association, a society organized 
to promote industrial preparedness, and to serve as a 
' means of establishing contact between civilian manufac- 
turers, other civilians interested in ordnance matters, 
and the Ordnance Department of the United States 
Army, extended an invitation to the American Iron and 
Steel Institute to participate in a joint meeting of the 
Army Ordnance Association and the American Iron and 
Steel Institute at the Aberdeen Proving Ground near 
Aberdeen, Maryland, on Friday, October 26. 

The American Iron and Steel Institute special train, 
leaving the Pennsylvania Railroad Station, New York, at 
1:30 A. M. on Friday, conveyed about 300 members to the 
Aberdeen Proving Ground, arriving opposite the Vis- 
itors’ House about 7:30 A. M. The Visitors’ House, a 
service building where the three meals were served, was 
the base from which excursions were made in carrying 
out the elaborate program which had been carefully 
planned to fill all the time available during the day. This 
program was very successfully and skillfully carried out 
under the auspices of the Army Ordnance Association 
with the direct supervision of the Commanding Officer of 
the Proving Ground, Colonel W. N. Tschappat. 

The morning program began with firings on the sea- 
coast front of the Proving Ground. On account of the 
distance, visitors were conveyed to Mulberry Point in a 
Proving Ground special train. A 16-inch gun on barbette 
carriage, the largest gun in the United States, weighing 
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about 170 tons and designed for special coast defense 
purposes, and also a 14-inch gun on army railway mount, 
the latest development in railway artillery, were fired. 
An armor plate, which had been penetrated by a 14-inch 
armor-piercing projectile, was exhibited. An 8-inch how- 
itzer, model 1920, with split trail and a 155 mm. gun on 
self-propelled mount were manceuvred and fired. <A de- 
tachment of coast artillery troops gave a demonstration 
of firing a 3-inch anti-aircraft gun at a target towed by 
an airplane. Two 600-pound demolition bombs were 
dropped on water from a Martin bomber flying at an alti- 
tude of 2,000 feet. Miniature balloons released from the 
ground were destroyed by machine gun fire from an air- 
plane. 

The train was then taken to the Aviation Field, where 
an exhibit of various types of bombs of both American 
and foreign manufacture was inspected. Various types 
of military airplanes had been run out upon the aviation 
field for inspection and their characteristics and pur- 
poses were described by the officers conducting the party. 
A demonstration was also given of a smoke sereen, laid 
down in the air by a Martin bomber, the purpose of which 
is to screen aircraft from the view of a target being 
attacked. 

Visitors were then taken back to the Visitors’ House, 
where lunch was served. After lunch brief addresses 
were given, the speakers being introduced by Hon. Bene- 
dict Crowell, President of the Army Ordnance Associa- 
tion since its foundation. The speakers comprised Col- 
onel Dwight F. Davis, Assistant Secretary of War, 
Elbert H. Gary, Charles M. Schwab and General C. C. 
Williams, Chief of Ordnance. Extracts from the remarks 
of Mr. Davis and Judge Gary are given below, see pages 
462 and 466. 

The afternoon program at the main front consisted of 
demonstrations of automotive material, including four 
different kinds of tanks, twelve varieties of tractors, six 
gun motor carriages and seven cross-country trucks. 


~ 
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While at first drawn up in line for inspection these mo- 
tors were put in motion, one after the other, passing be- 
fore the spectators and onto the rough field beyond, 
where they continued to mancuvre at random and at 
varying speeds for a considerable time. This practical 
demonstration of a large number of automotive appa- 
ratus operating over rough ground at high speed was 
one of the most interesting and impressive of the entire 
day. 

The various types of small arms and infantry 
weapons were exhibited, including rifles, machine guns, 
aircraft machine guns, infantry cannon and mortars, and 
grenade and pyrotechnic dischargers. There was also an 
historical exhibit of field pieces which have been used by 
the United States Army. Then followed the firing of 
the following guns: 3-inch anti-aircraft gun, model 1920; 
4.7-inch anti-aircraft gun, model 1920; 155-mm. howitzer, 
model 1920; 75-mm. gun, split trail, model 1920; 155-mm. 
G. P. F. gun; 3.3-nch gun to show yaw; 77-mm. gun 
with common shrapnel to trace trajectory. There was 
then a demonstration by a battery of the Sixth Field 
Artillery, which manceuvred to position, unlimbered and 
fired shrapnel at fixed targets, laying down a smoke 
sereen on a distant hillside. 

A short walk brought the visiting party to the mu- 
seum, which was filled with modern war material of all 
sorts. Perhaps the most interesting feature in the mu- | 
seum collection was the machinery mounted on motor 
trucks which in combination comprised a complete ma- 
chine shop for repairs in the field. 

Following a business meeting of the Army Ordnance 
Association, held in the Administration Building, the 
party returned to the main front for the night firings. 
Many balloons were sent up, located by the searchlights, 
followed by tracer bullets and promptly hit and brought 
down. This exhibition was so spectacular in its efficiency 
and scenic effects that it proved most thrilling and was 


loudly applauded by the spectators. Less spectacular 
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but probably of more significance for actual warfare 
were the firings of 75-mm. guns with the use of common 
smokeless powder and a new flashless, smokeless powder 
alternately to show the difference in effect and the total 
absence of flash upon the sky in the case of the flashless 
powder. 

The train was then taken for the Visitors’ House, 
where dinner was served and at 7.15 P. M. after a very 
enjoyable day the Institute special train left for New 
York, arriving promptly according to schedule at 11.30 
P. M. . 

The members of the Institute who were so fortunate 
as to be able to take advantage of this splendid oppor- 
tunity had expected an interesting day from considera- 
tion of items included in the program. It can be said, 
however, that every one present expressed the sentiment 
that the actual demonstrations in very great degree ex- 
ceeded these expectations and the opinion was general 
that a very profitable day had been spent. 


Extract from the Remarks of Colonel Dwight F. Davis 


‘It is a great pleasure to me, both personally and in 
my official capacity as the Assistant Secretary of War, 
to see so many of the business men and engineers of the 
country, and especially such a large representation from 
the steel industry, present at this meeting of the Army 
Ordnance Association. It shows that you are vitally in- 
terested in the great problem of industrial preparedness. 
And I must tell you frankly that, without such whole- 
some interest on the part of industry, our efforts at in- 
dustrial preparedness would achieve but little. 

“‘T feel that I should not neglect this opportunity of 
giving you just a bird’s-eye picture of what the War De- 
partment is endeavoring to accomplish in the way of 
industrial preparedness, in the hope that you will help 
the work along as opportunity presents itself, 

‘“The principles underlying industrial preparedness 
aro similar to those underlying man-power preparedness. 
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We must have sufficient man- -power trained and ready to 
fight and able at least to protect the country until 
it can develop the necessary reinforcements from the 
civilian body. This force from a standpoint of economy 
should be the minimum necessary to accomplish this ob- 
jective. The better the plans for the early development 
of reinforcements the smaller may be the permanent 
force necessary. The plan for developing reinforce- 
ments of man-power through the National Guard, the 
Organized Reserves, the R. O. T. C., and the C. M. T. C., 
is one of the most important provisions of the present 
military policy of the country, as outlined in the National 
‘ Defence Act of 1920. 

‘“In the same way, we must have sufficient stocks of 
all supplies available for the Army to fight with, and, 
particularly, stocks of important items of fighting equip- 
ment, such as aeroplanes, rifles, artillery, and bombs and 
‘ammunition therefor, until reinforcements can be devel- 
oped; or in other words, until the production of the in- 
dustries of the country can be made available in ample 
quantity. And these materials, in order to give our army 
a fair chance, should at least equal in quality those avail- 
able to our enemy—and this Proving Ground which you 
are visiting today is one of the agencies at work to accom- 
plish this part of the mission. Again, from the stand- 
point of economy, the reserve stocks should be the 
minimum necessary to accomplish the objective and no 
less. And in this problem also, the better the plans for 
obtaining the early production of the industries of the 
country, the less reserve stocks are necessary. The Na- 
tional Defense Act likewise provides for this phase of the 
problem and charges the Assistant Secretary with 
making adequate arrangements for mobilizing the na- 
tion’s resources. 

‘‘The question of the reserves to be retained, main- 
tained, or developed is one to be settled by the Congress, 
for it entails appropriations of money. But the problem 
of industrial mobilization is one that can be planned by 
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the War Department in conjunction with the country’s 
industries, for the expenditures are relatively small. 

‘‘The problem of Industrial Mobilization can be di- 
vided into three main questions: What must we procure? 
Where can we procure? and How will we procure? 

“Tn answering the first question, ‘What must we pro- 
cure?’ we know that the war requirements depend upon 
the size and rate of mobilization of our probable war 
army, the initial supplies of all kinds required by such 
an army and the probable rate of consumption of such 
supplies. These assumptions are strictly military and 
must, therefore, be made by the General Staff. They 
have already been made and, in accordance therewith, 
the seven supply branches into which the Army is divided 
have practically completed the calculations of the re- 
quirements by months, amounting to some 23,000 major 
items and some 700,000 total items. If from these we 
subtract our reserves, we definitely define our quantity 
procurement programme and this can be worked out 
to develop in turn the quantities of steel, copper, ni- 
trates, powder, explosives, ete., required. And if, in 
addition to quantities we have definite specifications de- 
veloped (and this phase of the task is being expedited), 
we know in reasonable detail what our war problem is, 
based upon the assumptions made. Even if these as- 
sumptions are changed, we can quite easily modify our 
requirements. The calculation of requirements is in 
itself a long step forward on the road to preparedness, 
if nothing else were done. If it had been made before the 
World War, it would have saved months of time and 
literally billions of dollars. 

‘‘The answer to ‘Where can we procure it?’ is de- 
pendent upon the ability of the country to produce. It 
is the desire of the War Department to spread the indus- 
trial load throughout the country on the basis of the 
country’s industrial capabilities. The country has, 
therefore, been divided into districts and each chief of a 
Supply Branch is endeavoring to ascertain through his 
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chief of district the ability of that district to help him 
solve his war problem. With the knowledge thus ob- 
tained, it is possible to allocate definite war orders to 
particular plants. This survey is extremely valuable in 
getting the War Department acquainted with Industry 
and the beneficial results therefrom are far reaching. 
‘‘Many of you have undoubtedly come into contact 
with War Department representatives engaged in this 
work. I hope that you will give them a helping hand. 
‘““The answer to ‘How will we procure?’ has many 
parts. While procurement responsibility for the items 
he is required to furnish rests with each Chief of a Sup- 
ply Branch, there are many common problems. Among 
other things standardized war contract forms would be 
desirable, and these are being worked out on the basis of 
world war experience after consultation with hundreds 
of business men. A sound and expeditious scheme for 
payments is likewise being studied. Plans are being 
studied to avoid conflicts between Branches of the Army 
and between Departments of the Government as to use 
of specific plants, and as to priorities in raw materials, 
power, labor, transportation, etc. An Army and Navy 
Board is in existence for allocating plants as between 
the Army and Navy, and my office has allocated some 
3,000 industrial plants to particular Supply Branches 
which, in turn, have allocated them to their various dis- 
tricts. Proper control records for the purpose of co- 
ordinating procurement are being worked out. 

‘‘But, above all, efficient personnel to carry out the 
plans is an absolute necessity. Hach Chief of a Supply 
Branch and the Staff of the Assistant Secretary will need 
many men of ability, well trained through either Army 
schools or industrial experience, or, much better, through 
both, to satisfactorily accomplish the desired objective. 
The Army is concentrating on a schooling system to train 
its supply officers in the war plans and in the proposed 
methods of executing them, but the regular officers can 
man only a small part of the organization in time of war. 
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Business men, engineers, reserve officers, in fact, just 
such men as you gentlemen who are today attending the 
meeting of the Army Ordnance Association will have to 
do the bulk of the work in connection with Industrial 
Mobilization in time of war. I sincerely hope, therefore, 
that you will keep up your interest in the great problem 
of preparing the country industrially for a maximum 
war effort, because upon its sound solution may depend 
the saving of billions of dollars, thousands of human 
lives, and the economic welfare of the nation.’’ 


Extracts from the Remarks of Elbert H. Gary 


In behalf of the American Iron and Steel Institute, 
so well represented here today, I assure the Army we 
are very grateful for the courtesies extended which we 
have so much enjoyed. And we are glad to know that 
our industry is recognized as important in the defenses 
of this great country, and in the effort to establish mili- 
tary preparedness, if and when it may be necessary. 

Every country, solicitous for the welfare of its people, 
desires to establish and maintain adequate military 
force. This is of first importance for protection of a 
country and for prevention of war. Every good citizen 
appreciates that our country has always been opposed to 
war, opposed to military conflict, but at the same time 
believes we should be prepared to fight any and every- 
where, and to make perfect the defenses needed. Sol- 
diers, the greatest and most competent to fight, are 
always strongest for peace, but not to the extent of pre- 
venting their being ready for defense; and they are 
always ready to fight to the uttermost if and when it be- 
comes necessary. 

Soldiers of America are naturally gentlemen. The 
habit of being a gentleman grows from the time of 
entrance in the Military Academy or enlistment in the 
voluntary Army. Proverbially the American soldier 
does his military duty in such a Way. as to command the 
affectionate interest of his countrymen. Moreover, the 
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soldier equipped for fighting is also a good business man. 
This we found much to our gratification during the war. 

We congratulate the gentlemen of this society under 
whose auspices we are here. We have been much sur- 
prised this forenoon by what you have shown us. We of 
the Institute know little of the work of the soldier, but 
we have sense enough to appreciate by observing these 
exhibits what you are doing. 

During the dark days of 1917-1918 when this country 
was forced to enter the great international conflict the 
Secretary of War and the Secretary of the Navy called 
into conference the leaders of the iron and steel industry 
of this country for its vital aid in the way of munitions, 
and I am proud to say on behalf of the great industry 
with which I am associated that it responded immedi- 
ately, cheerfully, and whole-heartedly to that call of the 
nation. I believe I say accurately that while the industry 
faced a great problem in meeting this call so suddenly 
thrust upon it, not once during the terrific struggle, when 
resources were being strained to the utmost, did our 
military forces suffer in any of their endeavors on ac- 
count of a lack of appreciation of an intelligent disposi- 
tion to meet the needs of our Army and our Navy for 
adequate munitions and supplies. And may I add, 
though perhaps it may seem unnecessary, that should in 
the future our beloved country again be thrust into the 
necessity for national defense, that the iron and steel 
industry will again promptly and with vigor meet the 
situation to the utmost of its ability. We have in the 
United States a total capacity for steel production 
greater than that of any other country, greater indeed 
than the combined capacities of all the other countries, 
and I wish you gentlemen of the Army to know that in 
your studies of preparedness for national safety that the 
iron and steel men are behind you with their sympathies, 
abilities and resources. I congratulate you again, Gen- 
eral Williams and your associates, and you gentlemen of 
the Army Ordnance Association, on the great and valua- 
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ble work you are engaged in as so interestingly and 
capably displayed here today. And I wish again to thank 
you for the opportunity given us to see at least in a 
measure the results of your efforts and to assure you 
once more of the sincere co-operation of the iron and 
steel men of this great country of ours, both as individ- 
uals and through the American Iron and Steel Institute. 

The American soldiers, from the time of their inde- 
pendent, unassisted and successful attack at Cantigny 
to the close of the great battles of Argonne Forest, which 
broke the backs of the German Army, demonstrated they 
were as fine a body of fighting soldiers as the world ever 
witnessed; and they excited the admiration of all their 
allied associates. They can be depended upon in any 
emergency that may arise. And the iron and steel in- 
dustry of the United States will be pleased to act as an 
auxiliary in providing all the iron and steel that may be 
needed. Rely upon us to do our part and you will not 
be disappointed. 
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Rugg, Dan M. 
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Rust, H. B. 

Rust, S. M. 

Rust, W. F. 
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*Sloane, Parker 
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Snyder, H. S. 
Snyder, W. T. 
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Stafford, Samuel G. 
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Stevenson, A. A. 
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*Straub, A. 
Striebing, George 

*Strong, W. E. 8. 

*Studebaker, C. 8. 

*Sturtevant, Paul 
Sullivan, G. M. 
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*Sutphen, Henry R. 
Swank, Ralph Lloyd 
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*White, W. F. 
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Whiting, J. T. 
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*Williams, V. C. 
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Wilson, P. F. 
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Agnew, J. C 
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*Bierer, J. C. 
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*Brace, Maxwell 
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*Brower, R. L 
Brown, A. C. 
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478 AMERICAN IRON AND STEEL INSTITUTE, OCTOBER MEETING 


*Browning, R. R. 
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Carse, David B. 
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Carter, Emmett B. 
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Clarage, Arthur T. 
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*Clark, Paul R. 
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*Clements, B. A. 
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Corbett, W. T. 
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Cort, Stewart J. 
*Cosgrove, W. H. 
*Cotter, Arundel 

Coulby, H. 
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Craig, S. N. 
*Craig, Robert A. 

Crane, T. I. 
*Crawford, C. T. 
*Crawford, J. A. 

Creighton, L. E. 
*Creveling, G. F. 
*Critchett, J. H. 
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Crosby, Fred B. 
*Cross, L. W. 
*Crossett, H. M. 

Crotsly, A. W. 
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*Culbert, I. T. 
*Culver, C. M. 
*Curley, J. F. 
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*Dailey, J. D. 
*Dale, G. E. 
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*Dana, R. H. 
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Davey, Samuel 

Davey, W. H. 
*Davidson, L. R 
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Davies, Geo. C. 
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*Davis, J. A. 
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Davis, W. P. 
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Desmond, John F. 
Dette, William 
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Dinkey, A. C. 
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*Eaton, C. B. 
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*Edgerley, W. H. 
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Ellis, J. M. 

Emery, R. Edson 
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Eppelsheimer, Daniel 
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Estep, F..L. 

Evans, G. D. 
*Ewing, C. H. 
*Exstein, Henry L. 
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Fitch, W. H. 
*Fitts, Frank E. 
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*Ford, Albert E. 
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*Foster, H. M. 
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*Furness, Radcelyffe 


*Gadd, L. L. 
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*Gallagher, Cornelius J. 
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Galvin, John E. 
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Gillespie, J. M. 
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*Gordon, G. L. 
*Gordon, R. L. 
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Grose, James H. 
Gross, J. M. \ 
Grugan, Justice 


479 


*Grunder, F. D. 
*Grundy, George H. 
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Hamilton, Alex K. 
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Hamilton, Frank E. 
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*Harris, T. A. 
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Harrison, H. T. 
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Hart, G. A. 
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*Heilbronner, L. C. 
Lover Berge 


Henshaw, ‘John O. 
*Herington, C. F. 
Hettiger, E. P. 
*Hewer, F. 

Hickok, C.N. 
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Higgins, Dean 
Higgins, Harry E. 
*Higgins, John D. 
Higgins, W. B. 
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Hoskins, L. H. 
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Howland, H. P. 
*Howland, R. B. 
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Hughes, E. E. 
Hughes, H. L. 
Hughes, John 
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Hume, J. E. N. 
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